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COMING MEETINGS OF THE SOCIETY 


October 14, New York City, Engineering Societies Build- 
ing. Paper: Stability in Aeronautics, A. A. Merrill. 


October 16, Cincinnati, Ohio. Paper: Stresses in Machine 
Frames, A. Lewis Jenkins. 


October 17, Worcester, Mass., Worcester Polytechnic In- 
stitute. Papers: Experiments with Aeroplane Pro- 
pellers, David L. Gallup: Modern Abrasives, Their 
Manufacture and Use, Aldus C. Higgins, Georg 
Jeppson, Charles H. Norton. For further details, 


see page 5. 


November 19, New Haven, Mason Laboratory, Sheffield 
Scientific School. Subjects: Industrial Cooperative 
Research, and miscellaneous papers. 
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ANNUAL MEETING 

The Committee on Meetings have arranged a tentative pro 
gram for the Annual Meeting which is published herewith. The 
titles of papers are given so far as possible at this early date, and 
In several cases where papers are still in preparation, the sub 
jects decided upon 1 the committees in charge of the sessions ar 
announced. A feature of the meeting will be the presentation of 
the Grasshof Medal, which was placed in the hands of the Society 
to deliver to its Past-President. George Westinghouse. at the 
notable Leipzig meeting. Another event of interest which it is 
expected will be largely attended is the German Dinner sched 
uled for Thursday evening of the meeting, at which one of the 
menus of the German trip will be reproduced and addresses will 


be given with lantern slides upon incidents of the trip. 


TENTATIVE PROGRAM 
Tucsdan BRrening. Decembe) , 
I’RESIDENT'S RECEPTION, 
Wednesday Morning, December 3 
BUSINESS MEETING, followed by professional session with the following 
peipers 
EFFICIENCY OF Rope DRIVING AS A MEANS or Power TRANSMISSION, E. H. 
Ahara 
COMPARATIVE ‘TESTS OF LINESHAFT BEARINGS, Carl C. Thomas. I R 


Maurer and L. Ek. Kelso 
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He ART OF ENAMELING, OR THE COATING OF STEEL AND IRON ITH GLASS 


Raymond IF. Nailler 


STABILITY IN FLYING MACH s, Albert A. Merri (contributed by e 
New York Local Committee) 
Wednesday Afternoon 
th papers on Steel Freight Cars (contributed Dd he 


RAILROAD SESSION, W 
Sub-Committee on Kailroads) 
Wednesday Evrening 


nieure ol 


l Vv the Verein deutscher Inge 


Presentatio 
to George Westinghouse, Past-President and Honorary Me Am. Soc. ALI 
Arrangements are being made for a lecture to follow ‘ re 
presel nouncement of which will be made i 
Thursda lorning, December 4 
PROFESSION SESSION, With the following papers 
PITo j GAS MEASUREMENT, W. C. Rov 
TESTS ¢ ACT ("LEA SYSTEMS, J. R. Met 
TESTS I TRANSM 0 HeaAT IN Vat \ \\ 
Ker 
tN tL Pumi rustlenicoripAL IMPEL! i. Ver 
tributed by Ne Yo I Committee ) 
A WN | SS OF ( PRO Gas, H. F, S 
the Gas I’ s 
Arrange wlso be de for Itaneous sess \l 
Shop Practice, Cement Manufacture, and Textiles e sub-co 
in charge se subjects 
At the MACHINE SHOP SESSION, among the pics 1 ( 
Use of Gears Machine Tor Drives, Grouping of Machine Tools, ¢ . 


Machine Tools, Flooded Lubrication and Force Fits 


it the CEMENT SESSION will cover the 


The discussiol 
Fuel and other subjects to be announced later. 

The TEXTILE SESSION will take up Cost Finding d General | ‘ 
Heating Buildings throug the Sprinkler System, and Fire Esca 


ipplied to 1 
Th isdau Lfte rnioon 


ts 0 nterest n New York nd 


mxyeu ols ) ) 
/ rsday Evening 
GEI \N J[DINN reproduci one of the menus fre ) | 
Chis will ne l ea reunlol if those who went on the tri but is being 
rranged with if to g ¢ those who were unable to pa pate s 
idea of the mat eresting events which the Am« lestS en] I 
Addresses 01 e German trip will be made. illustrate: lantern slides 
Following the dinner a Dane will probably 1 ! re 
Frida mined Decen 
Sessic on I PROTECTION 
Among the subjects to be discussed are the Manage ‘ [ f Valves ’ 
\ tie Sprinkler Heads, Extinguishing of I s a) l 


trolling 
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Volatile Liquids, and the Fire Hazard in Turbo-Generaton Contributed 


the Sub-Committee on Fire Protection 


Friday Lrenine 


COLLE lt NIONS. It has been the custom for the alum of certain ol 
the techn | schools to hold reunions in New York at about this time of 
the yea ud an opportunity will be offered for such gatherings on this 
evening The alumni of Stevens Institute of Teel og ‘ anging 
for a theater party, to which the Society and their guests are invited. Su 
per and informal dancing at a convenient hotel will follow Phi 

fr S lield Scientific Sel will ar wre I ile s 


MEETING IN WORCESTER 
Phe meeting in Worcester, Mass.. will be held on October 17. 
nstead of October 10 as originally announced, and will have the 
following program. Boston members of the Society will leave 


for Worcester on the noon train from South Station. Boston. 


due t 1.04 p.m., and will be conveved to the Worceste 
Polytech Institute by automobile. Luncheon will be served 
and an opportunity afforded for an inspection of the Institute 
buildings and equipment. At 2.50 the guests may either attend 
a lecture Professor Gallup on Experiments with Aeroplane 
Propellors. followed by an inspection of aeroplane tests at a 
point a few miles from Worcester, or may visit any of the fol 
lowing industrial establishments: Grafton & Knight Manufa 


turing Company, Crompton & Knowles Loom Works. American 
Steel & Whire Company, Worcester Pressed Steel Con pany, 
Worcester Electric Light Company, United States Envelope 
Con pany. Heald M ichine Company, Reed & Prince Manufac 
turing Company. or Osgood Bradley Car Company, 

The party will reassemble at the Norton Company works at 
t oclock, and papers upon Modern Abrasives, their Manufacture 
and Use. DY Aldus C. Higgins. George Jeppson and Charles H. 
Norton. I] be lelivered. An inspection will then be made of 
the plant. 1) nner will be served at 7 o% lock at the New Ban 
eroft Hotel, at $1.50 per plate. This will be an entirely informal 
affair and brief talks will be made by Charles G. Washburn and 
James Logan on topics connected with the Worcester industries. 
Boston members will return on the 9.42 train due at 10.45. and 
in case the number who desire to attend is large enough. irrange 
ments will be made for special trains both to and from Worces 
, 
! 


’ 
» Wwe 
rT Wel 


ter. Those who cannot take in the entire program wil 


comed for su h time as they can spend. 
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REPORT OF THE NOMINATING COMMITTEE 
The Secretary announces the receipt of the following report 
from the Nominating Committee, consisting of John R. Free 
man, Chairman, Chas. T. Main, Thomas Morrin, Fred. Sargent, 
and C. C. Thomas: For President, James Hartness, Springfield, 
Vt.: Vice-Presidents (for two vears), Henry L. Gantt, New 
York City, E. E. Keller, Detroit, Mich., H. G. Reist. Schenec 
tady, N. Y.: Managers (for three vears), A. M. Greene. Jr., 
Troy, N. Y., John Hunter, St. Louis, Mo., Elliot H. Whitlock, 

Cleveland, Ohio: Treasurer, Wm. H. Wiley. New York City. 


CURRENT AFFAIRS OF THE SOCIETY 
The attention of the membership is called to the increasing 
number of meetings of the Society held in the several cities of 
the Union. It is the cordial desire of the Council that these 
meetings shall be extended wherever the members are willing 
to organize ana carry on these activities, the So levy being 


ready to finance the undertaking under appropriation by the 


Council upon the request of the local members interested. Fu 
ther particulars will be furnished by the Secretary, Phe Coun 
cil is anxious to have the membership feel that the Society is of 


direct benefit to each one individually, and an officer of the So 
ciety will be pleased to assist in the organization of such meet 
ings or to visit groups already organized at any time. 
INTERNATIONAL ENGINEERING CONGRESS 1915 

Invitations emanating from the five national engineering 
societies of America have been issued to the principal societies 
of the world by the San Francisco general committee, of which 
Prof. W. F. Durand and William <A. Cattell are respectively 
chairman and secretary. Col. Geo. W. Goethals will be Honorary 
President of the Congress, and the third week in September 
1915 has been chosen as the date. It is hoped that the invita 
tions issued will be generally accepted, an especially that our 
friends in Europe with whom the members have formed such 
close relationships will attend in a body and permit the Ameri 
can engineers to return in part the many hospitalities which have 
been enjoved abroad. 

DR. GOSS’S NEW UNDERTAKING 

The President of the Society. Dr. W. F. M. Goss. Dean of the 

engineering department of the University of Illinois, has been 
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granted a leave of absence for one year, in order that he may 
accept the chairmanship of a commission appointed by the City 
of Chicago to work out a solution of the problem of smoke abate 
ment in that city and of the electrification of the terminal facil 
ities of all the railroads centering in Chicago. 
LIBRARY SEARCHES 

The value of library service to every member of the society 
cannot be too often stated. We have one of the largest technical 
libraries on the continent, containing besides its many volumes 
700 technical periodicals, and having a staff of six librarians 
available for the particular benefit of members living at a clis- 
tance from headquarters, Every inquiry receives prompt atten 
tion and 1s free of expense except for extraordinary services, for 
which members are naturally glad to pay. 

Carvin W. Rice. Secretar: 


CORRECTED DISCUSSION BY SANFORD E. THOMPSON 

In the published discussion pon the Boston meeting of last 
March, which appeared in The Journal for June. the abstract of 
the remarks made by Mr. Sanford K. Thompson gives all entirely 
erroneous Mapression of the views actually expressed. We there 
fore publish the paragraph properly corrected. The subject 
under dliscussl In Was Concrete Floors and Their Wearing Quah 
ties, Mr. Thompson stated that while concrete floors generally 
showed wear under trucking they could be built to withstand if 
successfully. Ile referred to a test which he had made in orde 
to determine what precautions were necessary to provide good 
wearing qualities and pointed out the fact that an especially 
food floor surtace would wear glossy and would not dust: while 
a poor surface would wear down to a dead white color. Sand 


for surfacing should be coarse. 


APPLICATIONS FOR MEMBERSHIP 


The Membership Committee have received applications from 
the following candidates. Any member objecting to the election of 
any of these candidates should inform the Secretary before Novem- 
ber 15, 1913: 


ACKLAND, H. B., New York, N. ¥ ANDERSON, PeLLE, Milwauk W 
ALpWorTH, Epwarp H., Montreal, Canada ARNOLD, Jonun A., Stamford, Cor 
ALLMAN, JoHuN H., Butler, Pa Avram, Mors H., New York, N. ¥ 


AmMEN, Francis DuP., New York, NN. \ BaBcock,. Sy_tvester. Wilkinsburg. Pa 








SUt 


Bates, Cuarves J., Jr., Highwood, N. J 
BAUMGARTNER, Cuas. G., Chicago, III 
Bess, J. ¢ San Francisco, Cal 
Becker, Lurner. Schuylkill Haven, P 
Benpt, Ernest R., Kenosha, W 
Benson, Cari H San Fran Ca 
BETH Joserpu N., Woonsocket, R. | 
Bier, H Y H., Sacramento, ¢ 
Biessinc, Grorce F., Swarthmore, P 
Bonuam, H. G Pulaski, Va 

SORDEN, Moro M., Collingsw N. J 
30 Gror R., New York, N. \ 
Brt EN} ANDREW L., P ler 
B 3, Les ( St. Johnsbu Vt 
Brown, Rezeau B Milwauk W 
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SUMMARY 


THIRD INTERNATIONAL CONGRESS OF 
REFRIGERATION 
In response to the invitation of the American society of Re 
frigerating kenoimeers and of The American So levy of Me han 
ical Engineers, extended at the Vienna Congress of 1910. the 


Third International Congress of Refrigeration was held in this 
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country from September 15 to 24. As most of the delegates 
from foreign countries arrived in New York, The American 
Society of Mechanical Eeneineers extended the use of its rooms 
during the week ending September 14, and arranged a number 
of events for their entertainment. 

The delegates were received in Washington on September 15 
at the formal opening session of the Congress, leaving on sep 
tember 16 for Chicago, where the professional sessions were held, 
Part of each day was clevoted to sightseeing and Inspection of 
points of technical interest. On Sunday, September ~1. there 
Was a steamship excursion to Milwaukee, and on Tuesday even 
ing, September 23. a grand banquet, complimentary to the for 
elgn delegates, at which no foods or beverages were served ex 
cept those preserved by refrigeration under the usual conditions 
and for the length of time customary in American commercial 
practice. The Congress was formally closed at the session of 
September 24, many of the delegates participating, however, in 
the extended excursions to St. Louis, San Francisco and Panama 
which had been arranged to follow the meetings. 

The engineering actly ities of the Congress covered phie homena 
ranging in temperature from the lowest nearly to the highest 
obtainable with our present means, from within two degrees of 
the absolute zero to a heat at which iron will melt like butter on a 
range. From the laboratory of Professor Kamerlingh-Onnes 
of Levden were reported experiments made at the temperature 
of liquid hydrogen and liquid helium, by means of which it was 
proved that radio activity is not affected even by the lowest tem 
perature; deviations from Curie’s law become sensible at low 
temperatures, and, for example, oxygen which at higher tem- 
peratures in the gaseous state follows the law of Curie, deviates 
from this law when at low temperatures it has passed into the 
liquid or the solid state. Metals at very low temperatures lose 
nearly all of their electric resistance, and become what the in 
vestigators call superconductors. It is proposed to utilize this 
property of the metals for the construction of especially power 
ful magnets, at first for research purposes. Professor Becquerel 
reported on his work on the optic and magneto phenon enon and 
the Hall effect at very low temperatures, this phenomenon giving 
a clearer insight into the mystery of the structure of matter 
than could hitherto be obtained. Mr. Gardner T. Voorhees de 


scribed his experiments with the liquefaction and solidification 
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of carbon dioxide, and phenomena observed during these proc 
esses through special windows in the CO, apparatus, which led 
him to believe that there is an intermediate state of matter on 
the borderland between gases and liquids. Mr. George Claude 
gave an illustrated lecture on the liquefaction of air, its prop 
erties. and the rare @ases obtained as by products. Liquefaction 
of air may be used for the production ot oxygen, for welding 
and cutting of metals, for example. It appears, however, that 
it may also be used for the production of tremendously power 
ful explosives: carbon immersed in liquid oxygen, and set on 
fire in Open alr, burns slowly. but the same material confined 
In a itridge and acted on by a fulminate, explodes with the 
violence of dynamite. 

Dr. F. Linde gave an illustrated deseription of his system 
ot production of hydrogen from. Water as by liquefving, by 


means of liquid nitrogen, the gases in mixture with hydrogen, 


liquid) nitrogen, and when desirable. liquid oxygen also, being 
tained as by-products.  Tengbeck and Altenkireh described 


their system of heating and refrigeration by means of resorp 


tion refrigerating machines with ice and cold obtained as bs 


prod ts 

\s is to le expected, the problem of transportatiol of pel ish 
able Woods 1n all of its aspects, legal. mechanical, and economic. 
attracted considerable attention at the Congress. Phe questions 
of ng of trains at loading station and in transit. the use of 


pel shable goods from car to steamer 1y\ barges in large ports, 


combination heated and refrigerated cars, the transportation « 


meat forwarding from distant lands by steamers. fish trans 
portation on special cold storage steamers in such widely seat 
tered places as Central Asia and the Amazon river, all were 
fully described and discussed. The cold storage of woods wis 
likewise carefully gone into, several papers being devoted to the 
Various questions of cold storage plant aclministration. relations 
with the cl } sitors. thickness of insulation to be used, ete. 
\ttention may be called here to several points powerfully 1! 

pressed upon the minds of the members. even though they did 
not form the object of an particular paper. The foremost 
among them is the remarkably high level on which the technical 
methods of the refrigerating industry are maintained. especially 
that branch of it which has to deal with the lowest range ot 


temperature. It is a fact well worth noticing that precisely the 
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industries which, it appeared only a few years ago, had no com 
mercial chances owing to the prohibitively high cost of manu 
facture, have since become models of cheap and eflicient produc 
tion. The counter-current principle, utilization of by-products 
elimination of heat and cold losses through efficient insulation. 
and high perfection of design in which every detail is fully 
thought out, have been in these plants carried out to such an 
extent that, for example, in the Linde process of manufacture 
of hydrogen from water gas, the final product, hydrogen, costs 
somewhat less than the water gas from which it is manufactured. 
plus depreciation of machinery, the entire cost of manufacture 
being covered by the cost of by-products recovered, and the day 
is not far off when the result will be still more favorable. In 
the Claude process of air liquefaction, the amount of air evap: 

rated to obtain the separation of nitrogen from oxygen 1s I 
placed by a nearly similar amount of aid liquefied by that very 
evaporation, so that after the first batch of liquid air is mat 

factured, very little additional power is required to carry on the 


manufacture indefinitely; in the Altenkirch heating system ice 
is obtained as a by-product, etc. All this shows ver, clearly 
What great advantages an industry may derive from having 
developed along strictly scientific lines, and with a full know! 
edge at every step of its development of all the losses, techy 


or economic, Incurred in each one of its operations 

In this connection may be mentioned the preponce rance of the 
teaching staff of the technical school in the developn ent of the 
mechanical side of the refrigerating Industry, as illustrated at 
the Third Congress. The names of Linde. Lorenz. d’Arson 
val, Kamerlingh-Onnes, Monteil, were prominent at the Congress 
both in connection with many technical applications in the in 
dustry, and as teachers and discoverers of these laws of thermo 
dynamics to the knowledge of which is due the surprising] 
rapid and extensive development of the art of refrigeration In 
the last few years. 

Another important feature of the Congress was the de elop 
ing of confidence among the people generally in food which has 
been preserved by refrigeration, and the appreciation of the 
service which the art of refrigeration renders to mankind by 
virtue of its ability to conserve all perishable products. making 
them available out of season, and producing greater uniformity 
in prices. With the increasing congestion of humanity in the 
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cities, and the necessity of securing a food supply at great lis 
tances from their source, refrigeration ears and sh ps are how an 
absolute necessity for the preservation of these perishable prod 
ucts. A comprehensive exposition was held of the latest n 
chinery for the manufacture of various kinds of ice and refrig 
eration, and of the meats, fish and vegetables themselves which 
had been kept frozen for periods upward of a vea 


change of quality. 


r without ani 


The Congress was under the patronage of the President of the 


United States and of the secretary of the Department ( 
culture. 


f Agri 


It was attended by nearly LOOO delegates and mav be 
cf nsidered one ¢ f the most suecesstful ol 


ts kind 











A NEW PROCESS OF CLEANING PRODUCER GAS 
By H. F. Sirs 


ABSTRACT OF PAPER 


g be cleaned is first cooled sufficiently to condense the tar vapors and 
ler pressure through a porous diaphragm of spun glass Both 
g hi h tl phragm, but in passing the diaphragm the tar 
particles lesce int rge drops which cannot be carried along with the gas 
irrent Anv desired degree of gas cleanness can be secured. Water or othe 
hing fluid not required. The process is not one of filtration. A theory Is 

d ‘ ire 
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By H. F. Sirs 
ABSTRACT OF PAPER 


he 4 to be cleaned first cooled sufficiently to condense the tar vapors and 
ler pressure through a porous diaphragm of spun glass. Both 

the diaphragm, but in passing the diaphragm the tar 

particles coalesce into large drops which cannot be carried along with the gas 
current Anv desired degree of gas cleanness can be secured Water or other 
1 is not require The process is not one of filtration. A theory is 


1599 

















A NEW PROCESS OF CLEANING PRODUCER GAS 
By H. F. Sirs, Lexineron, Oxn1o 
Member of the Society 


In 1902 the writer instituted a series of investigations to de- 
termine the nature of the mechanical impurities present in pro- 
ducer gas from bituminous coal with a view to devising more 
effective methods for their removal. These investigations have 
since been continued and have resulted in the development of a 
commercial apparatus involving some new and interesting prin 
ciples. 

2 ‘The tar and other mechanical impurities present in raw 
bituminous producer gas are in an extreme state of subdivision. 
The number of particles present is so great and the quantity of 
gas to be handled in commercial plants so large that the prob- 
lem presents more than ordinary difficulties. The effectiveness 
of the ordinary types of mechanical gas Washers and purifiers 
leaves much to be desired. The primary object has accordingly 
been to produce equipment that will be capable of vielding gas 
of a higher degree of cleanness than obtainable by ordinary 
methods. The apparatus in its present stage of development 
can be readily understood from Fig. Ls 

3 The raw producer gas on leaving the producer is first 
cooled to a point where the tar vapors are condensed by being 
passed through a primary cooler or condenser. From this the 
gas is carried into an ordinary rotary gas pump B which de 
livers the gas under pressure into the main (; it is then deliv- 
ered through a porous diaphragm F and discharged from there 
into the main F. A sump or separator @ is provided in which 
the tar accumulates. 

t The structure of the diaphragm £ is a matter of consid- 
erable importance for the successful carrying out of this process 

Tre AMERICAN Socrety OF MECHANICAL ENGINEERS, 29 West 39th Street 
New York. All papers are subject to revision. 

1601 
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and the materials used seem to have an important bearing on 
the operation of the equipment. The diaphragm must be suf 
ficiently porous to permit the eas and tar to pass freely, other 
gas and 


— 


wise it will soon become blocked with depe sits from the 
fail to operate. Many materials may be used for this purpose. 
but at present spun glass is preferred. The glass fibers are not 
enly entirely unaltered by chemical action but seem to possess 
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the hecessary physical properties for the successful « irrying on 
of this process. The spun glass in the form of ordinary glass 
wool (which should be carefully distinguished from slag wool. 
is built into the 
form of a uniform diaphragm and is retained between two metal 


as the latter is not practicable for this purpose 


screens. The density of the diaphragm can be regulated by the 
quantity of glass used and by the degree of comipression main 
tained between the metal screens. Ordinarily, this ‘diaphragm 
is made up to a thickness of approximately one-quarter of an 
inch. The diameter of the diaphragm must be adjusted in ac 
cordance with the quantity ot gas to be treated. Ordinarily, 
about 400 eu, ft. per hr. can be handled for each square inch 
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of diaphragm area. No tar is retained in the diaphragm, both 
tar and gas being discharged together. 

D In passing the diaphragm an Important change in the 
physical state of the tar occurs. Qn the entering side the tar 
exists in a large number of minute particles, ordinarily known 
as tar fog. In passing the diaphrag i these particles are caused 
to coalesce so that on the discharge side the tar particles are of 
relatively large dimensions, sé large in fact that they can ho 
longer be carried forward in the gas current and immediately 
separate out by gravity. All that is hecessar\ for the complete 
separation of the tar from the gas is to pros ile a sump, or drip. 
into which the precipitated tar can «clrain. 

6 It appears to he }« ssible to secure almost any desired de 


vree of vas cleanness simply 1 regulating the pressure mall 
tained across the diaphragm. In ordinary commercial opera 


tion, it is found that a difference in pressure of from 21% to 4 
lb. will give a degree of gas cleanness that is ample for any 
commercial requirement, Thirty cubie feet of Tas cleaned in 
this way can be passed through a white filter paper without pro 
ducing any discoloration. 

7 The distinction between this process and the process ol 
purification by filtration can be best shown by outlining the con 
ditions essential for each process: 

a In filtration the best separation is secured when the 
rate at which the naterials to be separated pass the 
filtering medium is slow. (ne of the substances to 
be separated remains in the filter. 

} In the pre CeSS in questi 1) coo results can be secured 
only when the velocity of the us passing through 
the diaphragm is very high. Nothing whatever re 
mains in the diaphragm. 

S At low velocities the gas will pass through the porous dia 
phragm used in this apparatus without any apparent altera 
tion. and the degree of effectiveness of cleaning is directly re 
lated to the velocity of flow. lor example, the degree of clean 
ness produced with the velocity of flow resulting from 5 Ib. 
pressure is very much gvreater than the degree of cleanness pro 
duced by the velocity of flow resulting from 1 Ib. pressure, and 
when the velocities are as low as those pre duced by a pressure 
of a few ounces only, there is no perceptible change in the tar 
content of the gas after passing through the diaphragm. 

9 No water is used in connection with this process except 
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that required to cool the gas. As a consequence there is no 
production of tar emulsion and the water flows from the con- 
denser perfectly clear. ‘The tar separated by this process is 
practically water free, and can accordingly be used for any pur- 
pose to which coal tar is adaptable. One sample of tar drawn 
directly from the receiver showed on distillation a water content 
of less than 1 per cent as compared with from 20 to 60 per cent 
which is ordinarily present in gas producer tar from mechan- 
ical washers. The calorific value of producer tar from Hock- 
ing coal is approximately 15,800 B.t.u. per lb., about 140,000 
B.t.u. per gal. 

10 For the maintenance of continuous operation the tar must 
be sufficiently fluid to pass through the porous diaphragm with- 
out creating undue resistance, and therefore it is necessary to 
maintain the temperature of the gas entering the diaphragm at 
a point that will reduce the viscosity of the tar to as low a point 
as is consistent with complete condensation of the tar vapors. 

11 It is also apparent that this apparatus would not be well 
suited to use on gas containing large quantities of lamp black 
or for the purification of gas from coals yielding very heavy 
viscous tars. For high volatile coals, however, such as are 
found in Ohio, Indiana and Illinois, and for lignite, it has been 
found in practice to be thoroughly practical and effective. It 
is possible that further developments may extend the applica 
bility of this method to conditions which are not now consid 
ered practical. 

12 The exact method by which this tar extractor operates 
has not been conclusively demonstrated. Two theories have 
been advanced which may possibly cover the ground: The first 
and most obvious is that the tar particles are precipitated by 
being brought into direct collision with the threads or filaments 
of the porous diaphragm. 

13 That this does not constitute a complete explanation of 
the process is indicated by the fact that the material of which 
the porous diaphragm is constructed has a marked bearing on 
the effectiveness of the process and would indicate some action 
other than simple mechanical collision. For example, if the 
porous diaphragm is made up of steel wool instead of glass wool 
(the physical structure of the diaphragm being as nearly as 
possible the same in each case) the process does not operate with 
anything like the effectiveness secured with glass diaphragms. 
It would seem that the possibility for collision would be the 
same in both cases. 
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14 A phenomenon, first observed by the writer in 1902 dur- 
ing some experimental investigations, gives further credence to 
the theory that there is some action other than pure mechanical 
collision. If the gas is caused to pass through a small tube with 
perfectly smooth walls, as for example a tube of glass, no par 
ticular precipitation of tar occurs as long as the velocities of 
travel are slow. However, as the velocities increase to a point 
where there is considerable friction between the vas and the 
surface of the containing tube a heavy precipitation of tar 
occurs on the surface of the glass. This fact leads to the con 
clusion that friction is in some Way concerned in this process, 
since the probability of mechanical collision is rather remote. 
Since friction between rapidly moving Gases and enclosing tubes 
is known to be productive of electrical phenomena, it was as 
sumed that this might pe ssibly have some bearing on the action 
of this process. In fact this interpretation was the one first 
placed upon the phenomenon observed in 1902 and an effort was 
made to work out a tar extractor along this line. 

I> An experimental apparatus Was constructed at that time 
in which heavily charged electrodes were employed to precip! 
tate the tar particles and it was found that fairly effective re 
sults could be secured. Kk xperiments along this line continued 
for a number of years, but the difficulties in the way of pro 
ducing commercially practical apparatus caused its final aban- 
donment. The rate at which the tar particles could be moved 
through the gas under the influence of moderate potential gradi 
ents was very slow. It was accordingly necessary to use ex 
ceedingly high potentials in order to secure effective results. 
With the spacing of electrodes of approximately 114 in, a 
potential difference of 25.000 to 35.000 volts was required for 
effective precipitation. On account of the difficulty of main 
taining proper insulation under these potentials and on account 
of the great danger of serious injury to an unskilled operator 
in manipulating apparatus of this kind, this method was not 
considered practical. It was noted, however, that by decreas 
ing the distance between the electrodes a very marked decrease 
in potential was observed. Accordingly another experiment 
was devised which will perhaps throw still further light on the 
method of operation of the process under consideration. 

16 <A series of electrodes was prepared with exceedingly) 
small intervening spaces, and placed in connection with a source 
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of direct electro motive force, the potential difference between 
the plates being much below that required to produce any ioniz- 
ing discharge. It was found that at these small distances dis- 
tinct cleaning effects could be obtained without ionization. Main- 
tenance of the electric charge fron’ external sources was trouble- 
some owing to electrolytic short circuits occurring between the 
electrodes through deposits of tar and moisture from the gas. 
The fact, however, that there is a distinct attraction exerted by 
electrified plates at comparatively low potentials (which is suf- 
ficient to cause a precipitation of tar particles from gases) leads 
to the conclusion that if the distance between the electrodes 
could be reduced sufficiently the potential differences required 
for effective electrical action would be very small. 

17 It would seem possible, therefore, that in addition to the 
effects of mechanical collision there might be a distinct electrical 
attraction exerted by the glass fibers constituting the porous 
diaphragm which are located at microscopic distances from each 
other and which are undoubtedly subjected to some electrifica- 
tion from friction with the gas currents. If the possibility of 
such electrical action is considered. the increased effectiveness 
of glass as compared with steel for the construction of the por 
ous diaphragm is satisfactorily explained. That friction of 
this nature is capable of producing electrical disturbances of 
considerable magnitude is well established. 

Is It might be interesting in this connection to refer to re- 
cent experimental determinations by Professor Dolezalek of 
Charlottenberg, Germany, who showed that the friction of 
liquid benzol against the sides of containing pipes may set up 
potential differences of as much as 3000 volts. Asa very small 
fraction of this potential would be sufficient to account for the 
observed effects, it would seem only reasonable to presume that 
in addition to the effects of mechanical collision which undoubt- 
edly exist, there is some electrical action which is of material 
aid in causing the coalescence of the particles of tar fog. 

19 Whatever may be the correct explanation of the phenome- 
non, its effectiveness and practical importance are beyond ques- 
tion. The first commercial equipment of this kind has now 
been in continuous operation for approximately 18 months. 
This outfit is handling gas for a producer gas power plant of ap- 
proximately 1000 h.p. capacity. The second commercial equip- 
ment is handling approximately 900 h.p. producer gas, and has 
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been in daily service for approximately ten months. The 
largest single installation is an equipment for cleaning 200,000 
cu. ft. of gas per hour. An idea of the dimensions and form of 
this equipment can be obtained from Figs. 2 and 3. This installa 
tion is operated in connection with a single producer unit which 
is of interest because it is one of the largest single unit plants 
ever installed in this country. This producer has an effective 
grate surface of 250 sq. ft. and is rated to gasify 3000 Ib. of 
Illinois bituminous coal per hour. 








EXTINGUISHING FIRES IN OILS AND 
VOLATILE LIQUIDS 


ABSTRACT OF PAPER 


The subject of the extinguishing of fires in such liquids as gasolene, lubricating 
oils. acetone, alcohol. ether, ete.. is discussed: speci il reference is made to the 
new extinguishing agents for this class of materials: carbon tetrachloride, saw- 
dust and bicarbonate of soda, and frothy mixtures. The properties of thes 
extinguishing agents, the conditions under which they are the most efficient, 


and their limitations, are considered 
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EXTINGUISHING OF FIRES IN OILS AND 
VOLATILE LIQUIDS 
kpw. A. Barrie Boston, Mass. 


Non-Membet 


Phe extinguishing of fires in oils and in most of the volatile 


liquids has alway . heen il difficult problem and where fires of this 
‘ kind occur the results are frequently very disastrous. Our most 
common extinguishing agent. water, works rather unsatisfac 
torily upon the majority of such fires, but it is still the only one 
available where heroic measures are required. Comparatively 
recently, however, there have been two or three other materials 
introduced for use as extinguishers which have shown some 
promise for dealing with these fires, and it is the purpose of this 
paper to discuss these materials and the conditions under whi hy 
they prove the most efficient. 


» Not all fires in volatile liquids are difficult to handle with 


water. When the liquid is miscible with water this extinguish 
ny agent can he successfully usec. Ke xamples ot this kind are 


denatured aleohol. wood aleohol. grain alcohol. acetone. ete. 
Where the liquid is not miscible with water little or no effect 
is produced except to wash the burning liquid out of the build 
ing where it may he completely consumed or, if the quantity of 
oil is small. possibly to extinguish the fire by the brute cooling 
effect of a large quantity of water praved lipon the fire. Soda 
and acid extinguishers are somewhat more etlective than pure 
water. but even they fail under ost conditions. The various 
grenades containing salt solutions which were formerly exten 
sively expl ited are of course pract ‘ally worthless. 

3 The only principles that can be made use of in extinguish 
ing fires in volatile oils are, (a7) to form a blanket either of As 


1 Inspection Department, Associated Factory Mutual Fire Insurance Com- 
I ‘ 
panies, 31 Milk Street 
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or of solid material over the burning liquid which will exclude 
the oxygen of the air, or, (4) to dilute the burning liquid with 
a non-inflammable extinguishing agent which is miscible with it. 


SAWDUST AND BICARBONATE OF SODA 


4 ‘To the blanketing type of extinguishers belongs sawdust. 
Paradoxical as it may seem, ordinary sawdust is an excellent 
extinguishing agent for certain volatile liquids, especially those 
of a viscous nature. A considerable number of experiments 
were conducted in the fall of 1912 by the inspection department 
of the Associated Factory Mutual Fire Insurance Companies, in 
the extinguishing of fires in lacquer and gasolene in tanks with 
sawdust, and the results were surprisingly satisfactory. 

5 The liquids were placed in three tanks 30 in, long, 12 in. 
wide and 16 in. deep; 48 in. long, 14 in. wide and 16 in. deep; 
and 60 in. long, 30 in. wide and 16 in. deep. The sawdust was 
applied with a long-handled, light but substantially built snow 
shovel having a blade of considerable area. In every case the 
fires were extinguished readily, especially in the two smaller 
tanks which were about as large as any ordinarily employed 
for lacquer in manufacturing establishments. 

6 The efficiency of the sawdust is undoubtedly due to its 
blanketing action in floating for a time upon the surface of the 
liquid and excluding the oxygen of the air. Its efficiency is 
greater on viscous liquids than on thin liquids, since it floats 
more readily on the former than on the latter. The sawdust 
itself is not easily ignited and when it does become ignited it 
burns without flame. The burning embers have not a suffi 
ciently high temperature to reignite the liquid. 

7 The character of the sawdust, whether from soft wood 
or hard wood, appears to be of little or no importance, and the 
amount of moisture contained in it is apparently not a factor, 
so that the drying out of sawdust when kept in manufacturing 
establishments for a time would not effect the efficiency. 

8 It was found that the admixture of sodium bicarbonate 
greatly increased the efficiency of the sawdust as shown both 
by the shortened time and the decreased amount of material 
necessary to extinguish the fires. A further advantage of the 
addition of bicarbonate of soda is that it decreases the possible 
danger resulting from the presence of sawdust in manufactur 
ing plants since it would be difficult, if not impossible, to ignite 
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the mixture by a carelessly thrown match or any other ready 
source of ignition. 

9 Although the efficiency of the sawdust is greatest on vis- 
cous liquids such as lacquers, heavy oils, Japan, waxes, etc., in 
the tests referred to, fires were extinguished in gasolene con- 
tained in the smallest tank and also when spread upon the 
ground. In larger tanks the sawdust or bicarbonate mixture 
does not work so well since the sawdust sinks before the whole 


surface can be covered, whereupon the exposed liquid reignites. 
CARBON rETRACHLORIDI 


10 In recent years carbon tetrachloride has received con 
siderable attention as a fire-extinguishing agent. This is due 
largely to the activity of certain manufacturers of fire extin 
guishers which use liquids, the basis of which is carbon tetra 
chloride. 

11 This substance is a water white liquid and possesses when 
pure a rather agreeable odor somewhat similar to chloroform. 
A considerable proportion of the commercial article upon the 
market, however, contains sulphur impurities which impart a 
disagreeable odor to the liquid. The substance is quite heavy, 
its specific gravity being 1.632 at 32 deg. fahr. It is non-in- 
flammable, non-explosive, and is readily miscible with oils, 
waxes, japan, etc. When mixed with inflammable liquids it 
renders them non-inflammable provided a sufficient quantity is 
adae l. Its vapor is heavy. the specific gravity heing about five 
and one-half times that of air, consequently it settles very 
rapidly. As an extinguishing agent it operates by both the 
principles mentioned in Par. 3, namely, it dilutes the inflam 
mable liquid rendering it non-inflammable, or at least less in- 
flammable, and it forms a blanket of gas or vapor over the 
burning liquid which excludes the oxygen of the air. 

12 Although this paper is confined to a discussion of ex- 
tinguishing fires in oils and volatile liquids, it may not be out 
of place to mention that the claims made by certain manufac- 
turers producing extinguishers which use liquids, the basis of 
which is carbon tetrachloride, are grossly exaggerated. These 
preparations, none of which is more efficient than carbon 
tetrachloride, are not the equivalent of the ordinary water ex- 
tinguishers for general use on such materials as cotton, wood, 
paper, oily waste, etc. 
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13 On volatile liquids, oils, ete., carbon tetrachloride has, 
however, shown very satisfactory results under some conditions, 
but the readiness with which a fire can be extinguished with it 
depends to a considerable extent upon the skill of the operator 
and the nature of the fire. In tank fires the length of time that 
the liquid has been burning is an important factor, and in such 
cases where the sides of the tank become heated the only way 
in which the fire can be extinguished is to squirt the liquid 
forcibly at the sides. If the carbon tetrachloride is squirted 
directly into the liquid it is much more difficult, if not impossl- 
ble, to extinguish the fire. 

14 The height of the liquid in the tank is also a very im 
portant factor. Where the liquid is low the sides form a pocket 
which retains the vapor and aids considerably in smothering the 
blaze. When the tank is nearly full, however, this condition 
does not exist, and it is then very difficult, if not impossible, to 
extinguish a fire in a highly volatile liquid, such as gasolene: 
only the most skilled operators are successful in these cases. 
The size of the tank or the extent of the fire if upon the floor 
IS, as would be expected, of considerable Importance. In tanks 
larger than about 28 in. by 12 in. more than one extinguishe1 
and operator working at a time are necessary to extinguish a 
fire in such materials as gasolene. In one test where a tank 
60 in. by 30 in. was used no less than seven operators were neces 
sary, and even then it was only with the greatest difficulty that 
the fire was put out. 

15 All of the above remarks apply to carbon tetrachloride 
in the ordinary one-quart extinguisher as generally sold. It 
is probable that a large extinguisher which could throw a large 
stream would prove more efficient, but on account of the great 
weight of carbon tetrachloride such an extinguisher would have 
to be specially designed to make it readily portable by mount 
ing on a truck or some similar means. Expelling the liquid 
by means of a hand-pumping arrangement would probably be 
unsatisfactory, and it would therefore be necessary to force it 
out in some other way. 

16 A few systems have recently been installed in which an 
elevated tank containing carbon tetrachloride was connected 
with automatic sprinklers or perforated pipes located in hazard 
ous rooms where volatile and inflammable liquids are in use. 
So far as is known none of these systems have as yet been called 
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upon to extinguish a fire, but there appears to be no reason why 
such a system should not provide excellent protection in special 
cases. In such systems it would be necessary to consider the 
safety of the workmen and furnish ready means of escape, since 
carbon tetrachloride is an anesthetic and where thoroughly 
sprayed through the air as from an automatic sprinkler it would 
probably produce rapid results. 

1f ‘The nature and effect of the fumes given off when carbon 
tetrachloride is thrown upon a fire is a subject which has re 
ceived a great deal of discussion. When the liquid comes In 
contact with a fire the vapor Is partly decomposed resulting in 
the evolution of a considerable quantity of black smoke which 
is undoubtedly finely divided carbon. Pungent gases are also 
produced which appear to be mostly hydrochloric acid with 
possibly a small amount of chlorine. Since carbon tetrachloride 
contains no hydrogen from which hydrochloric acid could be 
formed this substance must be produced by the action of 
chlorine on the gases arising from the burning material or upon 
the moisture of the air. 

1S The fumes of carbon tetrachloride although of a very 
pungent nature do not produce any permanent injury under 
ordinary conditions where the operator can make his escape 
after he has inhaled all that he can stand, but they are a dis 
tinct handicap in fighting a fire and are one of the objectionable 
features to carbon tetrachloride as a general fire extinguishing 
agent. In large rooms or where a small quatity of carbon 
tetrachloride is sufficient to extinguish a fire the gases are of 


= 


COUuTSe less ( biecti nable. 


FROTHY MIXTURES 


1 


19 Another method of extinguishing fires in oils and volatile 
liquids which has recently been proposed and experimented 
with is that of using frothy mixtures. The idea seems like a 
very promising one and the tests which have been thus far re 
ported indicate very satisfactory results. The idea was origi 
nated and has heen developed in Germany. So far as is known 
no experiments have been conducted in this country. 

2) The process consists essentially in causing two liquids to 
mix in a tank where foam is produced. The tank is made air- 
tight and sufficiently strong to permit of the foam being forced 
out by carbon dioxide under pressure, and the foam is conveyed 
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to the fire by means of a line of hose. The exact nature of the 
liquids has not been disclosed, but one of them probably con- 
sists of a sodium carbonate solution containing froth-forming in- 
gredients such as glue or casein and the other an alum solution. 
The two on coming together generate carbon dioxide which pro- 
duces froth. This froth is reported to be quite stiff and to 
shrink in volume but a comparatively small amount even after a 
period of half an hour. 

21 A number of tests were conducted in the winter of 1912 
in Germany; some of them on a considerable scale. In one case 
as much as 5 tons of crude naphtha in a tank was involved, and 
in another an area of 1300 sq. ft. of burning tar was used. In 
all cases the results were reported satisfactory, the fires being 
extinguished in a short time. 

22 The frothy mixture undoubtedly owes its efficiency to its 
blanketing action in settling upon the surface of the burning 
liquid, thus excluding the oxygen of the air, and to the fact 
that the bubbles of liquid contain carbon dioxide which upon 
bursting produce an atmosphere in which combustion cannot 
take place. 

23 According to the latest reports the matter is still in an 
experimental stage, various details regarding the form of ap- 
paratus, most efficient pressure, and design of nozzles being 
under consideration; but from what has already been done it 
would appear that the idea is a very promising one, and that 
this method of extinguishing fires in oils and volatile liquids 
will prove to be by far the most efficient of any that has as vet 
been suggested. 











THE PROPERTIES OF STEAM 
By R. C. H. Heck 
ABSTRACT OF PAPER 


This paper offers a new pair of characteristic equations for steam, which give 
specific volume and heat content (total heat) respectively in terms of pressure 
and temperature as independent variables. These equations must be and are 
connected by certain mathematical relations from thermodynamic theory; and 
at saturation they are in very close agreement through Clapeyron’s equation 

Especial emphasis is laid upon the shape of isothermal curves in plots of the 
pressure-volume product and of heat content on pressure as base. Heretofore, 
the data for such curves have been volumetric only. Now a new determinant is 
introduced, in an application of throttling data which gives a very good layout 
of the total-heat isothermals 

The several lines of experimental determination have been volume measure- 
ment, total heat of saturated steam, specific heat of superheated steam, and 
rate of change of temperature with pressure in throttling (during which total 
heat remains constant Bringing the last fully into the problem doubles the 
field of experimental influence upon the form of the characteristic 
and greatly extends the range of conditions over which at least 
now available. 


equations, 


some data are 


An important feature of the paper, little more than suggested in the following 
abstract, is the group of graphical comparisons with the physical data and with 
other formulations: these others are, the tables or formulas of Marks and Davis, 
of Mollier (Callendar), of Linde, and of Goodenough The last 
lished by the Society in Volume 34, Page 507 of Transactions 


_ 


are used as pub- 


Because the equations here presented are a little more than usually com- 
plicated in the form of the terms which show the departure of steam from an 
ideal ‘‘perfect’’ gas, numerical values of the several factors have been worked 
out for every 10 deg. up to 1000 deg. fahr. and at suitable pressure intervals up 
to 1000 lb. per sq. in. Beside this table for superheated steam (in the com- 
plete paper) there is also a table for saturated steam with temperature as 
argument and the same range and spacing 
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THE PROPERTIES OF STEAM! 
By R. C. H. Heck, New Brunswick, N. J 
Member ol the Societv 


The fundamental physical properties of steam are pressure p, 
temperature ¢t, specific volume v, and heat content or total heat h. 
Of these, p and t are taken as independent variables, and equations 
expressing v and A in terms of them are developed. From these the 
values of internal energy, entropy, specific heat, ete., can be cal- 
culated. 

2 Two relations from thermodynamic theory find useful ap- 
plication in connecting volume and heat formulae, namely 


a - an(=) sie (1) 
dp /t dt*/; 

ah di 

(1) aft) —] 
dp t dt]; 


And at saturation, where p and ¢ cease to be independent of each 


and 


other, there must be satisfaction of Clapeyron’s equation 
ay ae (3] 
u dt 
where r is latent heat and u is the increase of volume from water to 
steam during vaporization. 
3 The two general equations developed in the paper are as 
follows: 
a Volume Equation 
pv= BT —yp—zp**... [4] 
B is the gas constant for H.O, determined by molecular weight and 
taken as 0.5956, for units as defined in Par. 4. 
‘ This paper is published in abstract only. The complete form is on file and 
may be referred to in the rooms of the Society 


THe AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision 
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b Heat Equation 
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h, is the total heat at zero pressure given by the formula 
h,=309 .64+0.3020 t+/[2.42163] log (t+688)+0.000072 t?. .[7 
4 These equations are for English units, with p in pounds per 


square inch absolute, t or T = (t+459.64) in degrees fahrenheit, v in 


cubic feet per pound of steam, and heat quantities in the mean 
British thermal unit. In the paper all formulae are also converted 
to metric-centigrade units. One special notation adopted is the 
giving of the logarithm of a constant, thus [4.66365] in equation [5a], 
in place of the number itself. 

5 Equations [5] and [6] are illustrated directly by Figs. 1 to 4 
their derivatives by Figs. 5 and 6. Instead of the volume v, which 
varies so widely with pressure, the product pv is plotted in every 
case. These three pairs of companion diagrams show the close 
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analogies in behavior between external energy pv and heat content 
h. In Figs. 1 to 6 curve SS is the 
the field covered by the 

6 In Figs. 1 and 2, 


saturation line, the lower limit of 
general equations. 


strong emphasis is laid on the isothermal] 
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curves TT. For a perfect gas, pv or h would be constant with tem- 


perature, or either isothermal would he a vertical line like A( 


Actually, and especially toward saturation, there is a shrinkage: the 
straight line AD shows the effect of term yp or yp, while Zp ‘ or 
2’p?4 adds curvature to the isothermal. 


7 Change under constant pressure is shown in Figs. 3 and 4, 
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where each curve of type PP is marked with the value of its uniform 
pressure in pounds absolute. In Fig. 3, the line for zero pressure 
represents the straight-line variation of ideal pv (or BT) with tem- 
perature; and any distance like AB shows the shrinkage from ideal 
to actual, along the isothermal and with rise of pressure. In Fig. 
4, the line for zero pressure is not straight because the specific heat 
is not constant but rises slowly with the temperature. 

8 Figs. 5 and 6 show rates of change under constant pressure, 


still retaining the factor p with v. The derivatives from equations 
[5] and [6] are, for Fig. 5 
d dv lz 
r{ B Pp p* . P S| 
dt/i dt dt 
for Fig. 6 
dy dz : 
Cyp=C, p ad st. ; {) 
dt dt 


The y and z derivatives are negative so that the secondary terms add 
themselves to the first, principal term, and the curves are higher as 
the pressure is greater. 


USE OF THROTTLING DATA AND RELATIONS 


9 Heretofore, all determination of the shape of the isothermals 
in Figs. 1 and 2 has been by volume data. The paper introduces a 
new determinant on the side of heat content, based upon throttling 
data. The operation of throttling is one in which the pressure and 
temperature fall while the heat content remains unchanged. In 
Fig. 7 the three important groups of throttling experiments on 
record are plotted together, in comparison with curves of uniform 
total heat from equation [6]. Here, on p as base and with ¢ as or 
dinate, are h-constant curves and ¢-constant horizontal lines. In 
Fig. 2, taking vertical p as base and h/ as ordinate, there are t-constant 
curves and h-constant vertical lines. Evidently, the slope of the 
throttling curves in Fig. 7 must have a direct bearing upon the slope 
of the isothermal curves in Fig. 2. 

10 The relation is established as follows: from the general state- 
ment h=f (p, t), write the differential equation 


dh di 
dh ( ) ap | ( ) dt (10) 
dp t dt p 


Now impose the condition h=constant or dh=0, and get for the rate 
of change of h with p when ¢ is constant, or the slope from the vertical 
of the isothermal in Fig. 2, the value 
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(*) me -(**) (= 7 a1 
dp t dt p dp h » : 


The specific heat c, under constant pressure is, of course, the rate of 


p 


, ;, : dh 
change of heat with pressure for p constant, or ; and yw or 
dt J; 











Fic. 7 THrorrninc EXPERIMENTS WITH STEAM INITIALLY SATURATED 


dt ; i . 
(: ) is the throttling coefficient, the slope of the constant-heat 
ap b 


curves in Fig. 7. 

11 There 1s considerable experimental information concerning 
other gases as well as steam, which seems to indicate that u is nearly 
or quite independent of p and h, being a function of ¢ alone. If this 
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is true, any horizontal line of constant temperature in Fig. 7 will 
be crossed at the same angle by all the throttling curves which it 
intersects. And if these separate curves have all the same slant at 
any particular temperature, they may by horizontal shifting be 
brought into coincidence as one continuous curve. 

12 The first step in an investigation along the line of these prin- 
ciples is to assume, for the time being, that » is constant with t. A 
curve of » on ¢ has been laid out by H. N. Davis for the range from 
250 deg. to 625 deg. fahr. With this as a start, to be modified by 
the reaction of trial calculations, a smooth curve of u on ¢t has been 
developed up to 1000 deg. and back to 32 deg. By numerical in- 
tegration of ; or (2) , the general throttling curve is obtained 

ps dt J» 
with base ¢ and an arbitrary pressure ordinate p’; that is, the scale of 
this p’, in pounds per square inch, will be used for measuring differ- 
ences of pressure, not absolute values. 

13 Next it is necessary to get the specific heat c,. at zero pres- 
sure and from it the corresponding total heat h,. The Knoblauch 
experiments are taken as authoritative, especially the later set. It 
is shown that a vertical h-constant line in a plot like Fig. 2 is cut at 
the same angle by all the isothermals crossing it, or that with p and 
h as coérdinates the product cpu from equation [11] is constant along 
a line of uniform heat content. By means of this relation, it is easy 
to reduce the specific heat observations to zero pressure. Over high 
ranges of temperature, say from 500 to 1100 deg. fahr., the curve of 
Cpo is thus very definitely determined. Toward the lower limit of 
the experiments (at about 300 deg.) there is poorer consistency, in- 
dicating probably that the validity of the method of reduction is 
weakened by approach to saturation. But there are other data in 
Fig. 7 and in the close experime ntal determination of total heat of 
saturated steam at low temperatures, which fix very definitely the 
mean value of c,. from 212 deg. to 32 deg. fahr. The curve as finally 
adopted has the equation 

Cpo=0.3020- 2.05941) +-(). 000144 ft. ....... [12] 
t+-6b8S 
And with the proper constant of integration this leads to equation [7]. 

14 The method of determining the isothermal of heat content on 
pressure by means of the general throttling of constant-heat curve 
is illustrated in Figs. 8 and 9. Curve HH is a short portion of the 
constant-heat curve, p’ on t. The particular problem taken is that 
of finding dimensions of the h-p isothermal for 500 deg. fahr., up to 
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300 lb. absolute pressure. In Fig. 8, this isothermal is the vertical 
line AB. From A measure down, to the scale of p’, a series of 50 Ib. 
intervals, and draw horizontal intercepts like CD. Then CD is the 
temperature gap (after a drop of 200 lb.) between a t-constant line 
AC and an h-constant line AD which have a common point at A. 
Now transfer these CD differences to Fig. 9, using the scale of tem- 
perature corresponding to successive values of h, which is laid off 
above the base line. The result is a series of points along the iso- 
thermal 7'7. 


15 This scheme is complete in itself, but the data are by no 
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means accurate enough to make it a complete determinant; nor can 
the hypothesis that » depends upon ¢ alone be accepted as rigorously 
correct. The method followed has been to obtain by this device a 
set of isothermals as in Fig. 2, and from them find approximate 
values of the functions y’ and 2’ and the exponent of p in the last 
term of equation [6]. Then the task has been to cut and try and 
adjust constants until equations [5] and [6], tied together by relations 
[1] and [2], will satisfy, as nearly as possible, Clapeyron’s equation 
at saturation. 

16 One point remains to be considered before discussing the 
general equations. It is reasonable to assume that the simple law 
apparently making x almost, if not wholly, a dependent upon ¢t alone 
will have least modification by secondary influences when the pres- 
sure is low. From equations [6] and [11] for p=0 is obtained the 
particular relation 
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dh 
( ) -y’ =Cpotto canst [13] 
dp) 


and the curve and tabular column of x, as given in the paper, is 
really this 4, found after the form of y’ had been determined partly 
by other considerations, through division of y’ by ¢yo. 
DISCUSSION AND COMPARISONS 

17 Concerning the process of developing equations [5] and [6], 
there is nothing to be added to the brief description in Par. 15. All 
the data in the several departments of physical experiment were 
used as checks while the adjustments were being made; and after 
the formulae were fixed in form and constants, final diagrams were 
laid out to show, by graphical comparison, the relation of this 
formulation to the data and to certain other formulations. 

18 The comparisons with throttling and specific-heat data are 
as follows: 

a the curve of, on t, with Davis’ curve and points showmg his 
collection of the data into group means, from his paper 
on The Law of Corresponding States 

b the classic throttling experiments made with steam initially 
superheated, here given as Fig. 7 

ec the experiments of Dodge upon highly superheated steam. 
This makes for completeness, but serves chiefly to show 
lack of determinative value, as the experiments show 
how extremely difficult it is or will be to get reliable 
values of » at high temperatures and pressures 

d the Knoblauch-Jakob and Knoblauch-Mollier experiments 
on specific heat, and the curve of eyo 

e The experiments of Thomas, which show large inconsis- 
tencies. 

In every case, only the formulation of the paper enters into these 
comparisons; except that a few lines (dot-and-dash)in Fig. 7 are 
from Mollier’s heat equation. 

19 ‘To illustrate the degree of consistency of results by different 
methods within the investigation, several diagrams are given: 

a Specific heat c,, at saturation, from equation [9] by proper 
evaluation and also from Planck’s equation 


dh Tr s 
i : 1 ct | 14 
dt T x\dt/p 


The agreement is exceedingly close. 
b Isothermals from equation [6] in comparison with those 
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obtained by the method of Figs. 8 and 9. There is 
enough discrepancy to illustrate the fact, as does Fig. 7 
also, that complete constancy of » with ¢ is not secured 
in the final formulation. 

20 On the side of volume data, the experiments of Knoblauch, 
Linde, and Klebe, of Ramsay and Young, and of Battelli are plotted 
on diagrams of the type of Fig. 1, in comparison with isothermals 
from equation [5 The first set are the only ones now having deter- 
minative value, but they are of the first importance 

21 The real determinant in the close adjustment of equations 
5} and |6] to each other was the satisfaction of Clapeyron’s relation 


In this connection it was found desirable to make a slight adjust- 
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ment of Marks’ equation for the pressure-temperature relation of 


saturated steam. This formula is 


b a si 
log p=A———CT+DI1 15] 
/ 
and the two sets of constants are 
i Marks b Heck 
{ 10. 515345 10. 606400 
log B 3.6878597 8 6897500 
log ( 7. 6075880 — 10 7 .6205462 —10 
log D tf. 1439400 —10 1. 1601803 —10 


The absolut temperature is taken as T=t+459.64 
22 These equations are compared in Fig. 10, where straight line 


1A represents equation |15b] and the ordinate is fraction of departurs 
from p as given by this formula. Curve MM is the original Marks 
equation, and the plotted points show the data. A principal reasor 
for making the change is that [15a] makes p= 14.672 lb. at 212 deg. 
instead of the proper value 14.697. 

23 Various evaluations and tabulations of total heat A, at satura- 
tion are compared in Fig. 11. The base lines AA represent equation 
\6|; but here the ordinate is the actual difference in B.t.u., not the 
relative difference as in Fig. 10. The curves on the upper AA line 
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are concerned with the matter of adjusting equations [5] and [6). 
Curve 1 shows h, as derived from h, by the method of Figs. 8 and 9. 
Curve 2 is the real criterion of consistency between the principal 
equations, for it represents the total heat derived from volume data, 
or from equation [5]. Up to 500 deg. or about 600 lb. pressure, the 
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Fic. 11 Comparisons or TotaL Heat at SATURATION 


discrepancy is everywhere less than 0.5 B.t.u., or barely exceeds 0.03 
per cent. Curve 3 shows results of the same calculation, but made 
with values of p and r/u from the original Marks equation. 

24 The curves referred to the lower AA line in Fig. 11 are of 
wider scope. First, Curve 4 shows how very nearly A, from equa- 
tion [6] is represented by the third-degree equation 

he=1059.75+0.4344 t+0.0001829 #2—0.0000009215 #.... [16] 
The curves with numbers higher than 4 represent other formula- 
tions, as follows: 

No. 5 Marks and Davis Steam Tables 
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No. 6 the writer’s table in The Steam Engine and Turb ne 
No. 7 Mollier’s Ne Ue Tabe llen und Diag ‘annie fi W asser 
dampf, also Smith and Warren’s New Steam Table 
No. 8 a heat equation from the work of Linde 
No. 9 Goodenough’s equation, published in Transactions of 
the Society, Volume 34. 
25 With these curves are given the experimental results ob- 
tained by various investigators: the initials used are, D for Dieterici, 


H for Henning, J for Joly, R for Regnault, S for Smith. The Reg- 
nault points represent group averages made up by Smith. The 


points marked S1 and S2 are of especial interest, as representing 


A. W. Smith’s recent determinations with slow and with rapid 


vil 


Vsical Cc 


vaporization under atmospheric pressure, reported in Phy il R 
view, September 1911. The determining value of h, at 212 deg 
1151.2 B.t.u. by equations |6| and [7] as against 1150.4 by Marks 
and Davis and 1151.4 used by Mollier. 

26 In Fig. 12 a comparison over the practical range of steam 
pressure and temperature is made between the heat equations of 
this paper and those of the other formulation which have been put 
into the form of complete steam tables. Full lines 1 represent 
equation [6], dotted lines 2 the Mollier equation; curves 3 are from 
the writer’s', earlier work points 4 from the Marks and Davis tables 
for superheated steam. Moollier’s saturation curve runs high (com- 
pare Fig. 11), and his isothermals are straight lines instead of curves 
The Marks and Davis total heats depend upon a wholly empirical and 


graphical extrapolation of c, above the comparative ly low pressures 
of the Knoblauch experiments; and the reversed curvature of t} 


i tiit 
isothermals shows that their c, is relatively too great at high pres- 
sures and near to saturation. In the writer’s earlier work, a graphical 


al 
layout and extrapolation of c, was guided by heat isothermals ol 
tained through the method of the general throttling curve. De- 
pendence upon the Holborn-Henning determination of high rang 
for atmospheric pressure is the reason why isothermals 3 and 4 
1000 deg. are about 15 B.t.u. below No. 1. 

27 Fuller discussion and comparison of the different formulations 
are given in the paper. To it is appends d tables giving at intervals 
of 10 deg. up to 1000 deg. all the numbers for making calculations 
by equations [5] and [6] and their derivatives, with pressure factors 
up to 1000 lb.; also a table for saturated steam at similar intervals 
up to 550 deg. or past. 1000 Ib. 
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CAST TRON FOR MACHINE-TOOL PARTS 


By Henry M. Woop, Crncinnati, Onto 
Associate Member of the Society 


When considering what sort of iron to use for various purposes, 
the machine-tool manufacturer is interested chiefly in the result 
attained by the foundryman, i. e., the strength, soundness, hard- 
ness, etc., of the casting, rather than the foundry methods used in 
accomplishing such result. Nevertheless as an investigation of the 
character of the casting is made through chemical analysis, it is well 
first to consider the effect of each of the elements usually present in 
cast iron. 

INFLUENCE OF CHEMICAL ELEMENTS 

2 The five elements present in ordinary cast iron are carbon 
(both free as graphite and combined), silicon, sulphur, manganese, 
and phosphorus. 

3 Carbon. Carbon exerts a more important and direct influence 
on the quality of the metal than does any other element. The per- 
centage of carbon in the casting and the form in which it exists are 
dependent upon the melting conditions, the thermal treatment, and 
the amounts of other elements present. It is therefore necessary to 
take account of the effects of the carbon itself and the way its influ- 
ence is modified by the presence of varying quantities of other ele- 
ments. To obtain a proper relation between combined and free 
carbon is the most important point. The percentage of total carbon 
usually ranges from 3.5 to 4. 

4 Graphitic Carbon. Graphite is merely mixed with the iron in- 
stead of being in chemical combination. Since it is only mixed with 
the metal it cannot exert any direct influence upon the properties 
of the molecules of the iron. So far as the graphite itself is con- 
cerned the toughness, hardness, and melting point of the grains of 
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the iron will not be altered. The tensile strength will, however, be 
greatly affected, since the interposition of the flakes of graphite will 
act as partings between the grains of the metal and reduce the 
cohesion. Iron high in graphite is soft and can be readily machined, 
but is of low tensile strength. 

5 Combined Carbon. The carbon which is in chemical combina- 
tion affects directly and greatly the properties of ordinary cast iron. 
It is the principal factor in determining the hardness, tenacity, 
soundness, and freedom from internal stresses of the castings. In 
general the percentage of combined carbon ranges from 0.05 in the 
softest cast iron to about 0.60 in iron of the highest elasticity. With 
suitable iron mixtures the amount of silicon and sulphur present 
regulates separation of carbon as graphite so that the amount of 
silicon present is an index of the relation between the free and com- 
bined carbon. Many analyses submitted do not state the percentags 
of carbon, perhaps because the foundryme n do not appreciat the 
importance of it, or perhaps because they consider the quantities of 
silicon, manganese and sulphur, which influence the quantity of 
combined carbon, make it unriecessary to determine the latter. 

6 Silicon. Silicon tends to cause separation of the carbon as 
graphite. As the hardening effect of the silicon necessary to do this 
is less than that of the combined carbon converted into free carbon 
the net result of adding silicon is softer iron. Under conditions 
which are easily regulated by selection of materials and in other 
convenient ways, the general influence of silicon can be utilized to 
render the cast iron suitable to various purposes, but it must | 
used with due regard to the other constituents of the metal. 

7 Sulphur. The influence of sulphur is opposite to silicon, in 
that it makes the iron harder and more brittle. It makes the 


iron 
more sluggish when pouring and is liable to cause unsound castings. 
Sulphur increases shrinkage, resulting in internal stresses of un- 
known value and sometimes producing distorted castings. 


This 
element should be kept low, especially in small castings. 
8 Manganese. One effect of manganese is to combine with sul- 


phur and go off in the slag. Another is to retard the separation of 
graphite by combining with carbon, and in this its influence is oppo- 
site to that of silicon, rendering the iron harder, stronger and perhaps 
closer. 

9 Phosphorus. Phosphorus lowers the melting point and in- 


creases the fluidity of the molten iron. On the other hand, phos- 
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phorus makes the casting harder, more crystalline and brittle, and 
reduces the tensile strength. 
SPECIAL MIXTURES 

10 Semi-Steel. This mixture is obtained by charging mild steel 
scrap into the cupola. It is common practice to use about 20 per 
cent steel, but any amount up to 70 per cent may be used. The 
20 per cent mixture usually gives the desired results for machine- 
tool work. Semi-steel is lower in total carbon than cast iron, seldom 
having more than 3 per cent. The fine grain of semi-steel is due to 
low percentage and fineness of graphite. It is used for parts requiring 
good appearance, tensile strength, and ability to resist shock. It is 
often used for large gear blank castings for various machine tools, 
for milling-machine tables, knees, and saddles, for lathe reverse 
plates, compound rests, etc. Tensile strength is relatively high and 
the grain of the casting is close. 

11 Alloys. Elements sometimes introduced into cast iron for 
special purposes are vanadium, titanium, nickel and chromium. 
Vanadium increases the ability of the casting to resist wear. Titanium 
combines with nitrogen and goes off in the slag, thus acting as a 
scavenger and making closer and cleaner iron. While nickel and 
chromium are now used to a limited extent in heavy chilled castings 
such as car wheels and rolling-mill rolls, the writer has been unable 
to find instances of the use of these metals in cast iron for machine- 
tool parts or for similar purposes. Their use might be desirable for 
special castings as it would doubtless increase the strength. But for 
machine-tool work the additional expense of such alloy castings 
might not be warranted, as today all parts where high tensile strength 
is require d are made of steel. 

MIXTURES USED BY REPRESENTATIVE MACHINE-TOOL MAKERS 

12 In the belief that valuable information could be secured by 
a comparison of the present practices of representative machine-tool 
manufacturers, the writer asked a number of machine-tool makers 
in different lines and in different sections of the country if they 
would be willing to submit an outline of their practice. The follow- 
ing excerpts pertaining to the mixtures used and chemical analyses 
of the castings are quoted from their replies: 

13. A Builder of Special Machine Tools: Our iron is bought on analysis speci- 
fications, covering two grades as follows 

Two PLaIn 
Silicon 


Manganese 0.60 to 0.90 
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eer ree seeces OD te CO. 

ee ae {Bs 0.05 and under 
No. 3 

Silicon. . 1.00 to 1.50 

Manganese 0.50 and over 

Phosphorus 0.50 to 0:80 

Sulphur 0.07 and under 


In addition to the above we use materials as follows: No. 1 machinery scrap, 
mild steel scrap, manganese steel scrap. The last carries 12 per cent of manga- 
nese with quantities of the other elements so small that they are negligible in 
gray iron foundry work. 

14 Our mixtures are figured out on the actual analysis of each car, Insuring 
in the castings uniformity of analysis and consequently of physical character- 
istics, such as strength, density, and machining qualities. In general practice we 
use three different mixtures suited to our varying needs 

15 In our first mixture we include our lighter castings such as pulleys, small 
gears, washers, hand-wheels, brackets, and the like In this mixture we endeavor 
to have the following analysis: 


Silicon 1.90 
Manganese 0.60 
Phosphorus 0.70 
Sulphur 0.08 


This is usually secured by the use of a mixture of 50 per cent of two or three 
lots of two plain iron and 50 per cent of scrap. The proportions of the different 
pig irons are adjusted to produce the proper analysis in the mixture, and the 
scrap is partly our own foundry return and the balance No. 1 machinery scrap 

16 Our second mixture covers all our heavy work, such as planer beds, posts, 


tables, face plates, frames, etc. These castings require strength and sufficient 
density to permit the machined surface to take a high polish. These ends we 
accomplish by an inalysis as follows 
Silicon 1.40 
Manganese 0.60 
Phosphorus 0.60 
Sulphur 0.09 


This mixture consists of 45 per cent of two or more No. 3 irons and 55 per cent 
total scrap, shop and No. 1 machinery together. Should this mixture fail to 
yield sufficient manganese the addition of 1 to 2 per cent of manganese steel 
scrap is made to correct it 

17 The third mixture is semi-steel, used principally for large blank gears and 
castings requiring special strength. Its analysis is 


Silicon ’ 1.20 
Manganese. 0.90 
Phosphorus. 0.45 
Sulphur.... 0.09 


Its average makeup is 
Per Cent 
Machinery scrap , 30 
Mild steel scrap. 20 
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Manganese steel scrap... 5 
ee 2 5 eee 45 


18 The above mixtures cover our entire range of work except cases where 
some special composition is required or desired 

19 All materials are weighed before charging into the cupola and all due pre- 
cautions are taken to insure proper melting conditions and perfect mixtures of 
the various materials entering into each charge 

20 A Manufacturer of Precision Machinery: In our work we run various 
grades of iron to meet the conditions existing in the machines or in the parts of 
machines under consideration. 


21 In a general way our mixtures, in per cent, run as follows 


Silicon Manganes Phosphorus 

3.00 0.60 0.80 

2.40 0.65 0 70 

2 00 0.65 0.60 
The first is for the average run of castings of smaller size; the second for the 
larger castings. Where we need a special close-grain iron we use the third mix- 


ture 
22 A Manufacture oj Vill ng Vachine We have never ¢ irried on any 
extensive experiments to learn the best mixtures of cast iron for our purposes 
We use in the tables, knees, saddles and vises about 20 per cent of steel with a 
view to obtaining a close-grain casting, and increasing somewhat its strength 
23 We use practically no cast iron for gears or small parts, these being made 


of steel drop forged in the case of larger parts, and also in the case of smaller 


parts when not adopted for manufacture from the ba 

24 The subject of gray-iron castings is, we believe, one of the most annoying 
to be found in connection with the manufacture of machine tools. Customers 
are not satisfied to accept machines with defective castings even though the 
deficiency is of such a nature as to, in no wise, impair the life or efficiency of the 
machine 

25 The ideal casting is, of course, one that is so close as not to show any 
grain when finished and at the same time, just as hard as it can be, and be worked 
into shape 

26 The question of strength is probably not so important, as there is oppor- 
tunity to use sufficient bulk to obtain strength. At any rate this is true of the 
parts that we make of cast iron, for, as stated above, all our gears and like parts 
are made from steel which is casehardened 

27 A Manufacturer of Heavy Lathes: With the heavier castings we are using 
a semi-steel mixture with about 20 per cent of steel. The analysis of this iron 
shows 1.60 to 1.70 silicon, 0.65 to 0.75 manganese, 0.40 phosphorus, 0.8 to 0.10 
sulphur. While our carbons are not noted as a rule, we get a check on these 
every once in a while, showing the total carbons about 3.50 to 3.60. 

28 Our iron for smaller pieces runs from 1.80 to 1.90 in silicon, 0.40 to 0.50 
in phosphorus, 0.65 to 0.70 manganese, 0.07 to 0.10 in sulphur. The total carbon 
shows up practically the same in both mixtures. Our test bars on the first mix- 
ture break at from 2800 to 3200 and on the latter mixtures at about 2600 
This refers to 1 in. by 1 in. standard bars supported on 12 in. centers 

29 A Manufacturer of Grinding Machines: We use castings with various pro- 
portions of steel according to the size of the casting and the place where it is to 
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be used, so that today we have very bright lustrous surfaces and it is possible 
to get accurate alignment. 


PRACTICE WITH REFERENCE TO CHILLING CASTINGS 


30 There is a wide difference of opinion among machine-tool 
manufacturers as to the desirability of chilling any surfaces of cast- 
ings. The writer asked some of the representative manufacturers 
of various classes of machine tools for their experience on this point. 
The following quotations from their replies state both sides of the 
case: 


3l A Manufacture of} Villing Machines: We are not using any chills at this 
time, though we have experimented with these from time to time but hav? 
reached no satisfactory conclusion 


32 A Lathe Manufacturer: We have not used chills on any parts of our 


machines, which, we must concede, is from many points of view, not a very 
satisfactory admission to make 

33 A Manufacturer of Heavy Machine Tools: For quite a period, about nine 
or ten years ago, we chilled the ways on our lathe and also the rails on our boring 
mills. We found, however, after they had been out some time that there was 
quite a bit of trouble with the chilled surfaces scratching It was hard for us to 
find exactly what was the root of the trouble and we finally gave it up. The 
effect of the scratching of the chilled ways Was a most peculiar one, and we 
sometimes observed on a machine even before it had gone out that some little 
particle of material had settled on the way and scratched the same badly. 

34 A Manufacturer of Grinding Machines: In regard to chilled iron, of 
course, you know that chilled iron means this and nothing else: It means iron 
that cannot be filed, planed or scraped. At least any mechanic who hears the 
words “chilled iron” understands it to mean just that thing, a surface that can- 
not be cut with tools. Now, of course, you realize that such a surface makes it 
impossible to get practical aligning ways on machine tools. It might just barely 
be possible to grind them accurately, but probably not practical to do so. We 
use an iron with steel mixture, and vary the mixture according to the size of the 
casting, and we produce a casting as dense and as hard as we can possibly plane 
and scrape with any surety of getting perfect alignment, because imperfect 
bearing and imperfect alignment is just as bad and just as sure an error as iron 
that would be too soft. In fact if one had iron that was exceedingly soft, and 
should choose to make ways which are very wide it might be more durable than 
one made with hard iron and smaller ways 

35 Another Manufacturer of Grinding Machines: The main reason for chilling 
the different parts of our work is to increase the wearing durability and at the 
same time get the advantage of refining the metal and a clean surface. The 
parts chilled are the guides of the carriage and the surface of the table upon 
which the head and tailstocks are mounted 

36 Our method of chilling is to place plates of 5% in. in thickness in the mold, 
and these give a depth of chill of about 1% in. and a degree of hardness just to the 
point of where the machining can be readily done 

37 It would be natural to suppose that this chilling would produce or increase 
internal strains, but on our work, such conditions have not given any trouble. 
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38 Our work is not of such a nature where hammering upon it or peening is 
necessary. Therefore, we are unable to state just what action would take place 
as the result of hammer blows and peening 

39 The chilled surfaces are very much more durable than metal in the ordi- 
nary condition, and we believe by the chilling process the durability of the 
surface upon which wear comes is increased at least from 300 to 400 per cent 

40) A Builder of Heavy Machine Tool In 1IS8S8S we began the practice 
of solidifying cast-iron surfaces by introducing chill blocks in the molds, and we 
have continued the practice ever since 

41 Answering your questions specifically, first, we have not discontinued the 
use of chilled surfaces because of any difficulty in oiling We have never found 
that the fine grain of the chilled iron prevented the oil from sticking. There is 
no truth in the statement 

42 We have not found any increase in internal strains due to the use of 
chills. On the contrary, when chills are properly placed they equalize the cooling 
of the heavy parts adjacent to lighter portions and reduce the internal stresses 
which would naturally result from the difference in time of cooling. If the chills 
are improperly used it would be possible, especially in thin castings, to cool the 
entire mass too rapidly and produce internal stresses 

43 We have not found that the proper use of chills makes the iron more 
sensitive to a peening action; in fact, we have evidence to the contrary. 

44 The chilled surface we believe to be more durabl We have cases where 
gearing made in this way outlasted several sets made in the old manner 

45 The success or failure of this process depends upon the ability to produce, 
day in and day out, the kind of metal required, and, further, the intelligent de- 
signing of chills of iron molds so that a proper relation may always be observed 
between the size and shape of the casting and the thickness of the mold or chill 
block 

46 A Boring-Mill Manufacturer: We are chilling certain surfaces on our 
boring-mill spindles with good success, but have found no occasion for chilling 
any other surfaces. If we experienced difficulty due to undue wear on sliding 
surfaces, we would increase the area of the surfaces and supply better lubrica- 
tion and protection from dirt rather than to try to chill the surfaces of these 
parts 

17 The chills which we use on our spindles serve two purposes: first, by 
securing closer grained metal; second, by improving the quality of the wearing 
surfaces. We found that it was difficult to get good castings of these spindles 
until we did use chills 


48 A Builder of Special Machine Too Concerning chills, we would say that 
to some extent we are now using the se on the surfaces of beds and simil ir cast- 
ings 


49 A Man ifacturer of Precision Vi ach nery We LIsé such chills AS my be 


necessary to give the surface in connection with the ways and moving parts 
CHILLED LATHE BEDS 
50 Analysis of Iron. In view of the considerable differences in 
opinions of the value of chilled surfaces and the idea held by some 
that it is impossible to chill an iron of high tensile strength without 
making it so hard it cannot be machined, the practice of The Lodge 
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& Shipley Machine Tool Company, with which the writer is con- 
nected, is here outlined. 
51 Three average analyses are as follows: 


Silicon Sulphur Phosphorus Manganese ‘Tensile Strength 
2.16 0.065 1.01 0.40 22,310 
2.17 0.065 1.01 0.39 24,840 
2.45 0.076 0.63 0.71 24,195 


The first analysis is of a specimen taken in January 1913 from the 
first iron run in a heat; the second, from the last iron of the same 
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Fig. 1 CHILLep CastinG, Finish PLANED BUT NOT ScCRAPED 


heat; the third, from the average iron of a heat in September 1913. 

52 This same iron is used for lathe beds of which the ways are 
chilled, also for other cast-iron parts which do not require the high 
tensile strength of semi-steel. For some parts, such as compound 
rest top slides and reverse plates, we use semi-steel. Parts subject 
to greater stress or to severe shock are made of steel. 

53 Appearance of Chilled Surface. A portion of the finished way 
of the lathe bed as it comes off the planer and before scraping is 
shown in Fig. 1. A steel scale is laid on the surface to indicate the 
closeness to actual size with which this is reproduced. A comparison 
with the 1/64 in. graduations on the scale shows the extremely close 
even grain of this chilled surface. 
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54 The exact effect of the chill on a casting is well illustrated in 
Fig. 2. This shows the cross-sectional fracture through the finished 
ways and a portion of the side wall of the chilled bed for a 30-in. 
lathe. The reproduction clearly shows that the iron even far away 
from the chill in the side wall of the casting is dense and of as close 
grain as other good cast iron; it also shows the much closer grain of 




















SED 


Fic. 2. Cross-SecTIONAL FrRacTURE OF CHILLED LaTHE-I 
the iron below the finished surface as a result of the chill in closing 
up the iron and making it harder and more durable. In the 30-in. 
bed, as plainly shown by this specimen, the close iron produced by 
the chill extends to a depth of 1} in. to 2 in. below the finished sur- 
face of the ways, thus proving that the chilled iron is not all removed 
in the planing. 

55 Degree of Hardness. Scleroscope test on chilled beds finish 
planed but not scraped gave as a result of eight different tests on 
four different beds, scleroscope readings of 40 to 42 with an average 
of 41. Similar tests on chilled beds which had been planed and then 
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scraped gave a practically constant scleroscope reading of 42. Com- 
parative scleroscope tests on a heavy section of unchilled cast iron 
which would give as nearly as possible conditions parallel to those 
just quoted gave readings ranging from 18 to 22, with an average 
of 20. 

56 These tests indicate that the chilled ways are twice as hard 
as the unchilled. The same is also shown by the planing speed, as 
we can only plane the chilled beds at a trifle less than half the cut- 
ting speed formerly used. 

57 In addition to the advantage gained by the hardness, the 
chilled beds are if anything more uniform than the unchilled. The 
rough beds as received from the foundry are quite straight, so that 
the amount of metal removed all along the ways in planing is as 
nearly uniform as is practicable. Then, too, the scleroscope readings 
indicated a more nearly constant degree of hardness on the chilled 
beds than on the unchilled. Fewer castings are unsound than before 
chills were used. 

58 Action of the Chill. The chilled surface is produced by a 
series of cast-iron chill plates each about 6 in. long placed end to 
end in the mold. The use of separate short plates eliminates much 
of the warping and twisting which would occur in a long chill plate. 

59 Ifa thick chill plate is used with a low-silicon iron the surface 
of the casting is chilled so hard that it cannot be machined. The 
desired result is attained by regulating the thickness of the chill 
plate to suit the size of the casting for which it is used; then a low- 
silicon iron of high tensile strength can be successfully poured. The 
heavier the casting, the thicker the chill plate. 

60 The action in the mold is that when the molten iron strikes 
the cold plate it is chilled and hardened; then the heat in the mass 
of iron forming the body of the bed casting gradually warms the 
chilled surface and the chill plate, thus annealing the casting or 
“drawing the chill,’ just as when in tempering a chisel the heat in 
the shank of the chisel “draws the temper” of the cutting edge to 
the proper point after the cutting edge has been hardened by quench- 
ing in water. This annealing of the chilled surface of the casting 
produces the desired form of hard, close-grained gray iron. 

61 The thickness of the chill plate used is such that the heat 
in the casting will anneal the surface sufficiently to permit plan- 
ing, although at a greatly reduced cutting speed, and yet retain the 
benefits of the chill. 

















HENRY M. WOOD 1643 


VALUE OF CHILLED SURFACES 
62 The advantages of chilled wearing surfaces for machine tools 
are: 

a Much harder surfaces, which experience has proved are 
vastly more durable than similar unchilled surfaces. 

b A hard guiding surface with a relatively soft carriage, 
bringing the bulk of the wear on the carriage and thus 
maintaining the alignment of the guide. 

c A denser and much more closely grained surface of the 
casting, giving better appearance. 

d An exceptionally smooth finished surface, in which there 
are no pores where dirt and grit may become imbedded 
to cause rapid abrasion of the other bearing surface. 

63 There are several ways of increasing thi durability of working 
parts, such as by increasing the area of the bearing, by providing 
more comple te lubrication, and by hardening the surfaces. All are 


successfully used. In general, each method may be used independ- 
é ntly of the others If the areas of the surfaces are as larg as sp cial 
conditions permit, and if the lubrication is thoroughly efficient, 
there would seem to be no objection to still further increasing 
the durability by the use of chills. 

64 Chilled surfaces are more advantageous on some machines 
and some parts than on others. In the case of a lathe the carriage 
will often be used for long periods of time on chuck work or on short 
jobs between centers which brings all of the wear on a comparatively 
short length of the bed just in front of the headstock: such uneven 
wear on the unchilled bed destroys the accuracy of the alignment for 
long work. Chilling the ways brings the wear principally upon the 
carriage, and even if the carriage is worn, the alignment at all points 
along the bed will remain relatively true. 

65 Only one manufacturer (see Par. 33) of all who were kind 


liscontinued the use of chills: 


enough to reply on this subject has 
the others who are using chills do not report any trouble due to 
scratching. The objections to the use of chills aside from the one 
instance quoted, have come from foundrymen who do not and have 
not used chills. 

66 Our own experience, based on the use of chilled ways on beds 
of all sizes of our lathes for more than two years, is that no internal 
stresses are created by the chilling; that the surface is not made 
more susceptible to a peening action; that the surface can be equally 
as well lubricated as before; that iron of high tensile strength is used; 
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and that the increased hardness and closeness of grain of the chilled 
surface vastly increases the durability and permanency of alignment. 
We find no disadvantage except a somewhat increased cost. 


TENSILE STRENGTHS OF VARIOUS IRONS 


67 As the letters received from other machine-tool manufacturers 
do not state tensile strengths, the following statements regarding the 
general practice of Cincinnati manufacturers are quoted: 


68 A Professor of Mechanical Engineering and Testing: I believe the general 
Cincinnati machine-tool practice for good castings runs from 22,000 to 24,000 
lb. per sq. in. tensile strength, but owing to the great variety 1 would not wish to 
commit myself to any particular figures 

69 A Cincinnati Chemist: After tabulating the results of my tests of the 
tensile strength of cast iron from various sources, I pick some at random to 
show the average run of machine-tool iron in lb. per sq. in. in this lo 


22,962; 24,090; 24,522; 23,197; 23,260 


70 This will give an idea of what the general run is. Good machineable iron, 
where the grain does not have to be too close for machine-tool work, should run 
from 20,000 to 26,000 Ib. per sq. in. Low tensile strength is due to too mu 


silicon, sulphur, or phosphorus 
CONCLUSIONS 


71 Chilled surfaces for certain parts are desirable. There might 
be a limited field for special alloy castings and if any machine-tool 
manufacturers have experimented with them, the results of their 
tests would be welcome. There is a wide difference in the chemical 
analyses of irons used by representative manufacturers—this last 
circumstance may be due to the different melting conditions in the 
several foundries; or it may indicate a field where much good could 
be accomplished by a more complete interchange of information, 
and by experiments to determine the best mixtures for different 
purposes. 




















GEARS FOR MACHINE-TOOL DRIVES 
By Joun ParKeE! 
ABSTRACT OF PAPER 
This paper deals with the important subject of selecting the proper material 
for gears in accordance with the best modern machine-tool practice. The method 


of heat treating and hardening steel gears is fully explained, and the proper hard- 


ness by the scleroscope test for the different stages is given 
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GEARS FOR MACHINE-TOOL DRIVES 
By Joun Parker, Provipence, R. I 
Member ot the Society 


The basis of this paper is the consideration of the following SIX 
questions relating to the use of gears for driving machine tools: 
1 Under what conditions is it advisable to use cast-iron or 


» 


steel gears for machine-tool drives? 
2 Are the objections to cast-iron on the ground of wear or 
breakage? 


3 What tooth pressure is safe for cast-iron gears? 
1 What grades of steel give best results and how should they 
be treated? 
5 How hard is it advisable to make steel gears before machin- 
ing them? 
6 Are the y to be hardened after machining, and if so, to what 
sclere scop test? 

2 Conditions under which it is Advisable to use Cast-Iron or Nteel 
Gears for Machine-Tool Drives. There are a number of well estab- 
lished gear conditions that are common to the majority of machine 
tools, which if noted may prove somewhat of a guide in selecting the 
proper material for the gears, considered from the standpoints of 
economy, efficiency, and durability. The conditions may be class- 
ified, as in Table 1. 

3 The Objections to Cast Iron. The objections to cast iron cover 
both wear and breakage. If the speed is excessive, say above 500 
ft. per minute, they are likely to wear quite rapidly; and on slow 
speeds and heavy pressure breakage will occur, unless they can bi 
made of adequate size, as in the case E, where the back gears are so 
located in the machine that it is possible to employ large diameters, 
coarse pitches, and wide faces. 

4 The Safe Tooth Pressure for Cast-Iron Gears. The question of 


tooth pressures in cast-iron gears is somewhat problematical. The 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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TABLE 1 


A Gears always in mesl 
wear on the teeth 
constant 


GEARS 


GEAR CONDITIONS COMMON IN 


1, the 


being 


B Gears in sets that are re- 


movable and inter- 
changeable with each 
other, distributing the 
wear over a number of 
gears 

C Gears in sets that are non- 


removable and partially 


interchangeable, distri- 
buting the wear ove! 
a number of gears 
Changes made. while 
gears are in motion ! 
D_ Gears in sets that are non- 
removable and partially 
interchangeable, distri- 
buting the wear over 
a number of ss gears. 
Changes made when 


gears are at rest 


FE Gears that are employed 


only part of the 


time 


the machine is working 


and are engaged 
disengaged when 


machine is stopped 


1 If the changes were made when the machine was at rest, the gears would not require 
But custom demands that changes be 
? Although the changes are supposed to be made when gears are at rest, careless wo 
violate this rule, with the possibility of breaking the engaging gears. 
steel in their spindle train to prevent breakage, 
is necessary to stop the machine before throwing in the gears. 


of change gearing. 


and 
the 


FOR MACHINE-TOOL 


DRIVES 


a) Slow speeds, light duty 
b) Slow speeds, heavy duty 
c) Fast speeds, light duty 


] 


d) Fast speeds, heavy duty 


These are change gears used 


in thread cutting on lathes, 


spiral cutting on milling 
machines, indexing on au- 
tomatic gear cutters and 
feed and speed change 


gears; speeds and pressures 
are generally moderate 


sed as quick-change feed 
gears—changes made by 
levers; speeds and pres- 


sures moderate 


Ised as quick-change speed 
gears—changes made by 
levers; high speeds and 


heavy pressure 


This condition applies to back 


gears for the spindle drive 
Gears are made large diam- 
eter, coarse pitch and wide 
face; speeds moderate and 
heavy pressure 


made while the machine is running. 


Some makers use an 


MACHINE TOOLS 


MATERIAL 
Cast iron 
Machinery steel 
Machinery steel 
Machinery steel, 

casehardened 


Cast iron, ex- 
the 
smallest, 


which 


cepting 


may 
require to be 


of steel 


Machinery steel, 
CASE hard ne d 


Machinerysteel, 
casehardens d 


Hard, close- 
grained cast 
iron 


hardening. 


rkmen will 


alloy 


but a better way is to provide means whereby it 


This applies to the tumbler type 
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Brown & Sharpe Manufacturing Company have in successful op- 
eration a gear in the spindle drive of their largest milling machine 
made from a hard, close-grained cast iron having a tensile strength 
of 23,000 lb. per sq. in., which when running at the slowest speed 
sustains a pressure on the teeth of 8250 Ib. It is calculated that two 
teeth are always in contact, which gives 4125 lb. pressure per tooth. 
The area in cross-section of each tooth is 1} sq. in., equaling 3300 
lb. per sq. in.; when the gear runs at the fastest speed the pressure 
is about 1000 lb. per sq. in. It is not known whether the pressure 
could be increased to any considerable extent, but it has been over- 
loaded to at least 30 per cent without injuring it; this was when 
testing out the machine and the overload was of short duration. 
It might be said that this gear is not subjected to any sudden shock; 
if it were, the allowable tooth pressure would be considerably less. 

5 The Grades of Steel that have given Best Results and how They 
have been treated. For gears that are of small proportions and yet are 
subjected to heavy duty, it has been found that in cases where the 
more common steels have failed, excellent results have been obtained 
from using a 5 per cent nickel steel. This steel casehardens with a 
very hard surface and still has a strong and tough core, making it 
an ideal steel to use where the pressure is heavy or the gear is sub- 
jected to shock. Experience shows that drop forgings are more 
uniform in texture than bar stock. This grade of steel is given an 
oil treatment and is also annealed before machining; the oil treat- 
ment is as follows: heat to 1550 deg. fahr. and quench in oil. To 
anneal, reheat to 1350 deg. fahr. and cool very slowly. It is then 
ready to machine. 

6 After machining, it is carbonized as follows: pack in any good 
earbonizing material and cover very carefully to exclude air, place 
in furnace and heat to 1700 deg. fahr., and hold long enough to get 
the desired depth of casing. Care should be taken to have it heated 
entirely through. Ordinarily three to four hours will suffice for this 
process. Th n take out of furnace and cool off in the boxes; remove 
from the boxes and place in furnace or bath; reheat to 1550 deg. 
fahr. and quench in oil. Again reheat to about 1380 deg. fahr. and 
quench in oil or water according to the size and shape of gear. If 
the gear is of generous dimensions and free from sharp corners, 
water is preferably used. Small slender gears are quenched in oil, 
on account of the liability of cracking if water is used. For ordinary 
gears the scleroscope test should show 80 to 85 points of hardness. 
If the gears are used as clash gears they should be drawn to 475 deg. 
fahr., or about 70 to 75 points of hardness, by scleroscope test, to 
avoid chipping. 
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7 Degree of Hardness Advisable for Steel Gears before Machining 
Them. The various kinds of steels used for gears are of such a nature 
that they do not call for treating before machining, but where extra 
toughness in shafts is required to withstand torsion and bending 
strains, 34 per cent nickel steel is very satisfactory. This grade of 
steel is rough machined, then heat treated, as follows: place in open 
furnace or bath, heat to 1500 deg. fahr., and quench in oil. It is 
advisable to experiment with a small quantity in each batch before 
subjecting a whole lot to the drawing out heat, which should com- 
mence at about 700 deg. fahr. If the scleroscope registers between 
50 and 58, the correct hardness has been obtained; if higher than 
58, the parts should be reheated to a higher temperature than be- 
fore; if lower than 50, the parts must be rehardened. After this 
treatment, the pieces are finish machined. No further hardening 
is necessary. When machining, slow speeds and feeds must be used. 

8 Hardening After Machining, and the Scleroscope Test. Prac- 
tically all alloy steels and all low-carbon steels are hardened after 
machining and finished by grinding after hardening. About 0.010 
in. on the diameter is left for this operation. All gears should run 
true, and to obtain this result not only are the holes ground true 
with the pitch circle, but the hubs are ground on their faces so they 
will set square with their shafts when tightened up by nuts. The 
scleroscope test for 30 to 35 point carbon machinery steel is anywhere 
from 80 to 90, and for 5 per cent nickel steel for ordinary gears 80 
to 85, and for clash gears 70 to 75. All steels are tested by the file 
in addition to the scleroscope. The file test by an expert is very 
reliable and some feel that possibly more confidence can be placed 
on his judgment than on any testing instrument. 

9 The above notes apply to spur and bevel gears. For worm and 
worm-wheel drives, the worm should be made of machinery steel, 
casehardened, and the wheel of a hard bronze. Both should run in 
a bath of oil, especially if under high speed and heavy duty. Spiral 
gears should be used only where the duty is light. The material 
should be the same as for a worm and wheel, and they should also 
run in oil to avoid cutting. 

10 For index mechanisms, where accuracy is essential, if the 
worm is hardened the thread must be ground afterwards. This is 
done in all the spiral heads of Brown & Sharpe’s make. Generally, 
the worm, made of tool steel, is left soft. Worm wheels used for 
indexing purposes only are usually made of cast iron, and invariably 
if of large diameter. High-multiple threaded worms for indexing 
mechanisms should not be used; a double thread can be tolerated, 
but not more, if accurate indexings are required. 











APPENDIX 


\ letter embodying the six questions set forth in Par. 1 of the paper was sent 
out by the Committee on Machine Shop Practice to various machine builders, 
and the following replies were received 

J. B. Doan.’ Nearly all the gears used today in machine-tool construction 
are of cast Iron, although the quantity of steel gears is Increasing The American 
Tool Works Company use cast iron with slow peripheral speeds and compara- 
tively large diameters; steel for small diameters and high speeds, hardening 
those which experience teaches need such treatment 

The main objection to cast-iron gears is their breakage, and not so much their 
wear. A good grade of cast iron shows very good wear \ great many steel 
pinions are used, some of them hardened, working with cast-iron gears of large 
diameter, the difference of material compensating in strength for the weakness 
of the pinion tooth, and also for the wear occasioned by the different number of 
teeth 

The Lewis formula is used by The American Tool Works Company for tooth 
pressures OD Cast-1ron gears. 

For hardened-steel gears the following method with special gear stock made 
of very low carbon is employed: The gear is machine finished with an allowance 
of 0.012 in. on the bore for grinding after being heat treated as follows 

a Pack in round cast-iron box, using 10 per cent charred leather, 40 per 
cent burnt bone, 50 per cent raw bone 

b Seal top with mortar of iron filings and fire clay about 1 in. thick 

ce Cover with cast-iron lid and lute with clay 

d Heat for nine hours to 1560 deg. fahr 

é temove box from furnace and cool without disturbing contents 

f Remove pieces and heat to 1550 deg. fahr. in furnace 

g Quench in fish oil 

h Draw in tempering oil to 475 deg. fahr 

Gears are hardened after machining and tested with the scleroscope to 80 

J. B. Green. Gearing for machine tools is one of the interesting problems in 
connection with their design and construction The selection of suitable ma- 
terials for gears is usually fixed by the character of the machine and its uses 
Some machines permit the use of large dimensions, while in others the sizes are 
often very limited 

The Lewis formula with the modifications made by Carl G. Barth as given in 
the American Machinist Gear Book, Pages 57 and 58, is the well beaten path 
usually followed in selecting the best materials for gearing, and when properly 
used, there is a reasonable field of uses for all materials 

Cast iron can be used in all places where there is sufficient room for the proper 
dimensions and, when not overloaded, the teeth wear to a polished and glazed 

‘ Vice-President and General Manager, The American Tool Works Company, 
Cincinnati, Ohio. 
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surface so characteristic of this material. When slightly overloaded, the wearing 
surface of the teeth becomes crushed and cut at the pitch line and then wears 
out very rapidly; when considerably overloaded, failure occurs through breakage. 

Steel iron, or semi-steel, as it is sometimes called, is made of a mixture of steel 
and cast iron and when made of the proper proportions, is a very good improve- 
ment over cast iron, being strong enough to carry about 50 per cent more load 
and giving very similar results in regard to wear and breakage. 

Low-carbon steel gears will carry from two to two and a half times the load 
for cast iron; when slightly overloaded they wear a line depression across the 
face of the teeth at the pitch diameter and when continuously overloaded soon 
wear out. 

Steel gears containing about 20 per cent carbon can be casehardened after 
being machined; when so treated they will stand considerable use without wear 
and are especially valuable for pinions meshing into large gears 

The high-carbon and alloy-steel gears will stand loads proportionate with the 
permissible stresses for the various materials. These steels may be heat treated 
before machining which will allow large pieces to be greatly toughened and 
strengthened and then finished to the required accuracy, whereas, if the same 
pieces were hardened after machining, the resulting distortion would make such 
an operation impossible. 

When the nature of the piece will permit, the alloy steels may be hardened 
throughout when all machining is completed and then drawn to the proper 
temper so as to make an almost indestructible gear. The exact hardness or 
toughness of teeth must be determined by the uses for which the gear is intended 
and in many cases experiments are necessary. 

E. A. Mutier. If cast-iron gears were inadequate for their purpose, I should 
be the first to discard their use. In view, however, of the most excellent results 
obtained with them, such a move would not be warranted, especially when the 
substitution of heat-treated alloy-steel gears would simply increase the cost of 
a machine. 

If a large amount of mechanism subjected to heavy loads must be placed in a 
small compass the cast-iron gear is unequal to the requirements, but in many 
machine tools much space is available for the driving gears and there is really 
no excuse for adding to the cost of these machines by designing the equivalent 
of automobile transmission gears for machine-tool drives. 

Since 1893 I have used Wilfred Lewis’ formula for safe working pressure on 
gear teeth with uniformly excellent results. Neither wear nor breakage has been 
objectionable; in fact, gears in use six years on machines in hard service show 
no appreciable wear. Cast-iron gears and steel pinions proportioned in accord- 
ance with the Lewis formula should not exceed 1200 ft. pitch line velocity. Ex- 
perience with gears designed by this formula indicates that cast-iron gears can 
transmit greater horsepower without failure, but that wear begins to increase 
considerably as the load increases. 

The King Machine Tool Company do not use heat-treated or hardened-steel 
gears at all. In such machinery where ample space is provided for gearing, I do 
not believe that properly proportioned cast-iron gears and steel pinions can be 
improved upon. However, where conditions obtain as in automobile transmis- 
sions, heat-treated and hardened-steel gears are indispensable. 

Another machine builder writes: We find that cast-iron and mild-steel gears 
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work very satisfactorily for machine-tool drives wherever there is room enough 
to make them of the proper size to avoid extreme wear. This is particularly true 
where the gears can run in oil. In general, of two sets of gears of the same dimen- 
sions, running under the same load, at the sam speed, the one made of un- 
hardened steel will run more smoothly than the one made of hardened steel 
The question of hardened versus unhardened gears is therefore one of space and 
weight limitations. It should be noted that cast iron running with cast iron, or 
a steel pinion running with a cast-iron gear is a good combination, but that two 
mild steel gears running together, particularly at high speeds, should be avoided 
under any circumstances. The soft-steel gears abrade themselves with great 
rapidity 

The objections to cast iron are on the ground of liability to breakage in the 
ease of work involving hammer blows or sudden or reversed stresses. There is 
no great objection from the standpoint of wear, where gears of the proper size 
can be used as indicated in the preceding paragraph, and where constant lubric: 
tion is provided 

For ordinary machine tool work we have found by experience that the Lewis 
formula, with the strength factors originally given, gives gears that are from 
25 per cent to 40 per cent too strong 

Harder steels give better results from the standpoint of wear and abrasion 
as well as of strengtl When it becomes necessary to use hardened gears, there 


1 1 
I 


is nothing better than to follow automobile practice closely, using chrome nickel 


or similar materials heat treated in the approved manner 


We should be inclined to anneal them as thoroughly as possible before machi- 
ning in order to have the tooth surfaces cut as ac irately as po sible At the 


same time, with the shaper tool of the gear shaper it is possible to machine gears 
for a finishing cut that are heat treated so hard that a file will barely touch them 
This is done by several firms, using turpentine as a lubricant, with very good 
results 

We have found that the scleroscope test is unreliable, and that its indications 
show very little regarding the matter of hardness for resisting wear, particularly 
when trying to compare pieces of different shapes or methods of support. Some 
gear specialists have come to this conclusion also, while others use the instru- 
ment with more or less favorable results. We would appreciate further informa- 
tion on this point 
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A RECORD OF PRESSED FITS 
By C. F. MacGm1, Sr. Louis, Mo. 


Member of the Society 


Articles on forced or pressed fits have been published in various 
technical journals of the country during the past ten or twelve years, 
one by Stanley H. Moore! appearing in the Transactions of the 
Society. In but one of the papers noticed is there any reference to 
the diameter and length of the hub into which the shaft is forced or 
the material of which the hub is made, three very important ele- 
ments in a forced fit. The great difference in allowances recom- 
mended, and in the pressures shown in the articles referred to, led 
me to have an exact record kept of each forced fit, from which were 
later calculated the tension stress, radial pressure and the coeffi- 
cient of friction. Table 1 forming part of this paper is the result. 

2 In my own experience, covering about 20 years, in charge of 
shops where forced fits were made, I have found that it was not 
necessary to increase the allowance with the diameter of the shaft, 
as the increased surface area of the fit added sufficient friction to 
bring the pressure up to the required tonnage, and that an allowance 
of from 0.002 in. to 0.004 in. on steel shafts pressed into steel hubs, 
and an allowance of from 0.003 in. to 0.005 in. on steel shafts pressed 
into cast-iron hubs of ordinary hardness, gave good results. I have 
vet to learn of one of these shafts coming loose. 

3 There isno doubt in my mind that allowances greater than 
0.006 in. on steel shafts pressed into cast-iron hubs, not only do not 
serve any useful purpose, but tend to set up strains that are injurious 
to the casting. 

1 One large plant with which I am familiar issues an allowance 
table for pressed fits, the allowance gradually increasing with the 
shaft diameter. This is not followed in their shaft department, but 
instead a flat allowance of 0.003 in. is used without regard to the 
diameter of the shaft. 

1 Fits and Fitting, vol. 24, p. 1158. 

Tue AMERICAN SocreTy oF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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5 The allowances given by Mr. Moore, in his paper already 
referred to, are very much too great, while those given by Mr. 
Riddell ! in his discussion of the paper are too low for sizes under 12 in. 

6 According to Mr. Moore’s formula A =2D+0.5 and shown in 
his table, the allowance for an 8-in. shaft would be 8 K 2+0.5= 
0.0165 in., and on a 12-in. shaft 12 K 2+0.5=0.0245 in., and as, 
trom Table 1 of actual fits, an allowance of 0.002 in. on 8-in. shafts 
pressed into steel hubs showed pressures of from 75 to 110 tons and 
an allowance of 0.004 in. on a 12-in. shaft pressed into a cast-iron 
hub showed 130 tons, it does not seem that greater allowances are 
either necessary or advisable. 

7 The records in Table 1 cover 206 fits of diameters varying in 
size from 3.5 in. to 20 in., sufficient in range and number to demon- 
strate the correctness and value of the practice followed. All of 
these measurements and gage readings were taken by the same in- 
spector, and as he was a thoroughly reliable man, I am satisfied 
that they are correct. The records are all of fits made on electric 
generators and motors. 

8 The table shows the diameter of the shaft, the diameter of the 
bore, the length of the seat, the diameter of the hub, the material of 
which the hub is made, the allowance (the difference between the 
diameter of the shaft and the diameter of the bore of the hub into 
which the shaft is pressed), the pressure jn tons required to force 
the shaft in, the maximum tension stress in the bore in pounds per 
square inch, the radial pressure on the surface of the shaft in pounds 
per square inch, and the coefficient of friction. These figures are 
given as a record of actual experience on sizes between the diameters 
shown. They are not claimed to represent correct practice beyond 
these dimensions. 

9 In Table 1 the last three columns were figured from formulae 
developed by Prof. A. Morley and published in Engineering, August 
11,1911. In these formulae 

R, =outer radius of hub 

R:=inner radius of hub=radius of shaft after fitting 

A =R,—R2=thickness of hub wall 

D =2R,=diameter of shaft 

p, =radial compressive stress in lb. per sq. in. at radius R, 

f, =hoop tension per sq. in. at radius Re» 

J = excess in original diameret of shaft over that of bore of 
hub allowance 
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E = Young’s modulus for shaft material, 
assumed 30,000,000 

7;= Young’s modulus for hub material, 
assumed cuneaea 


thus E=2E, 


l ; ; P 
= Poisson’s ratio for shaft material 
ni 
l , — ' assumed m=m 4 
Poisson’s ratio for hub material 
wn 


Total tension stress at bore of hub 


J 
D 
ie 1, 1 ,E\Ri—-R2,E | 
Nm me eae LR2° Ey S 
Normal pressure on surface of shaft 
J fi 
DE 
m—I | 
mE vm Dy 


P, 


Coefficient of friction 


pP 
P 


bl 
where 


P,=total normal pressure in tons 
P =pressure in tons required to force shaft into hub 


EXAMPLE RECORD NO. 84 


Cast-iron hub on steel shaft D=6.0025 in.. J =0.0025 in.. length 
of hub 1=7 in., thickness of hub {=3°¢ in. Assuming m= m t and 
E =2E,=30,000,000, then 


0.0025 
30,000,000 
; : 6 . 
Max. tension stress f; 1425 Ib. per sq. in. 
(: ) 14—9 
ine ae = 19 
4Ta A 4 - 
14+-9 
0.0025 1425 
6 15,000,000 
Radial pressure pe - : 2920 Ib. per 
»—) ° 


+ sq. In. 
t & 30,000,000 4 & 15,000,000 


10 
Coefficient of friction = _ 0).207 
r xX6™ ~ 2921) 


2000 
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CONTINUOUS MANUFACTURING BY PLACING 
MACHINES IN: ACCORDANCE WITH 
SEQUENCE OF OPERATIONS 


By Oscar C. BoORNHOLT 
ABSTRACT OF PAPER 


] ’ 


uous manufacturing appeals to all manufacturers who have a product 


requirement large enough to carry out the idea The paper outlines such an 
urangement of machines in use by a manufacturing plant that has been phe- 
nomenally successful Here it is shown not to be necessary to impal the best 


sequence’ of operations taking into consideration the gaging point et as 


would be the « ise ul the oper tions | id t » be out ned to aces mmodate the 


fication group of machines to prevent the passing to and from the different 
departments of like machines An illustration of unit production is giver 
the manufacture of a universal joint which is familiar to all automobile maz 


turers, and also by taking the first few operations on an automobile block 


ylinder for an example The two ways of manufacturing are compared, show- 
gy in one case the excessive expense of trucking (Cvlinders of course are es- 


pecially adupted to manufacture with machines placed in accordance with 
equence of operations, but small forgings can also be produced in quantities 
nuch cheaper in this manner as shown in the case of rods. The closing remarks 


touch upon the raw stock necessary for manufacturing which is less in the 


hop where machines are placed in accordance with sequence of operation 
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CONTINUOUS MANUFACTURING BY PLACING 
MACHINES IN ACCORDANCE WITH 
SEQUENCE OF OPERATIONS 


By Oscar C. BorNHOLT, Detroit, Micn 


Vie mber of the Soci ty 


In any manufacturing enterprise the cost of production is very 
mportant, and a great deal of money can be wasted if proper facil- 
ties are not provided. Even though a plant has the very latest 
ind most efficient machines and fixtures, money can be unneces- 

rily spent in trucking. ‘Trucking in the machine shop is always 
oked upon as an unnecessary expense and yet many plants have 

large trucking expense. This involves the question whether the 
nh inufacturing machine S in i mn ichine shop should be laid out in ac- 
cordance with the se quence of ope ration, or whether they shouid bi 
grouped according to the class of operation requiring like machines, 
such as placing together all milling machines, all drill presses, ete. 

2 I will endeavor to show that the arranging of machines accord- 
ing to sequence of operation, as practised by the Ford Motor Com- 
pany, has a great advantage over the classified machine grouping 
In the former case the operations on any part to be manufactured 

n be outlined according to the best advantage in manufacturing 
the part. It might be well, on account of the nature of the part to 
be manufactured, to have a milling operation first, then drilling, 
then milling, and it would not make any difference what sort of 
machine followed on each operation. Sut if the latter arrangement 
Ol grouping were decided upon, the operations would have to be 
ranged so that like operations on the same part would follow each 
other. For illustration, a milling operation should not come be- 
tween two drilling operations so that the part would have to be 
trucked to the drill department first, then to the milling depart- 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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ment, and then back to the drill department. Trucking is expen- 
sive and all its labor is non-productive. 

3 The trucking item is immense in a large plant when the ma- 
chines are arranged according to class, as all parts have to be trucked 
many times before they are finished. When machines are placed 
according to sequence of operation there is no trucking of parts 
after the first operation is started, as each operator lays the part 
down in such a place and manner as to allow the next operator to 
pick it up and perform his operation, and so on. When finished, the 
part goes either to the finished stock room or assembling department. 

4 A good example of continuous manufacturing is found in the 
making of tin cans. The body of the can is started at one side of 
the building in a machine for forming it; it next goes to the body- 
soldering machine and then to the header which has been fed with 
the two heads; when the heads are on, the can travels upstairs to 
have the heads soldered. The first machine sets the pace and the 
operators of the other machines must keep their machines moving 
at a similar rate so that the stock will not run short or accumulate. 
This arrangement therefore helps to increase production. 

5 At the Ford plant the machines are arranged very much like 
the tin-can machines. All parts of a unit assembly are made on 
machines that are so laid out that the last operations bring them 
near together. This applies of course only to the large pieces, but 
all parts of a unit are made in one department under a foreman. 

6 Automatic screw machine parts are made in an automatic 
screw machine department where one man runs several machines. 
There would be no object or advantage in placing automatic ma- 
chines among semi-automatic and manual operative machines. It 
is well understood that there are many operations that require more 
than one machine, but they are placed to draw from the one machine 
doing the previous operation. This gives the effect of the whole 
operation being done on one machine. 

7 The operations have to be gone over carefully to ascertain the 
capacity either by previous records or by good judgment. In many 
operations more than one machine will be required, but there will 
not be work enough for two. Although the first cost may seem 
high it is a great saving to have a machine for every operation and 
enough of them. 

8 The carbonizing and hardening operations are awkward to 
have in the machine shop, but at the Ford plant a cyaniding and 
hardening department is placed in the middle of the machine shop. 
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It is glassed in and thoroughly ventilated with a separate system to 
carry off the fumes from the cyanide pots. All parts to be cyanided 
and hardened are led up to this department and thus trucking to a 
separately located building is avoided. This would amount to 
several hundred tons of material a day. 

9 On account of the great amount of heat generated, the heat- 
treating and carbonizing departments had to be placed in a separate 
building where the walls could be opened 60 per cent. Brazing is 
done in the machine shop, just before the parts reach the assembling 
department. All shop furnaces are operated with low-pressure air 
(1% lb.) and city gas. 

10 As an illustration of unit production, I will take the universal 
joint which has only four pieces and four rivets. Assuming a pro- 
duction of 80 pieces per hour is required, it would take 

80 universal joint knuckles (male 
80 universal joint knuckles (female 


160 universal joint knuckle rings (halv 
520 rivets 


11 The universal joint knuckle (male) has six operations, as 
given in Table 1. 


TABLE 1 OPERATIONS ON THE UNIVERSAL JOINT KNUCKLE 


OPERATION WorK MACHINES REQUIRED CAPACITY, 
PER Hour 
First Mill square end 2 Millers 1) 
Second Curn to size, 3% in. diamete 1 Lathe SO 
Third Turn trunnion ends 2 Duplex drills 10) 
Fourth Mill ends, shoulder clearances 2 Millers 6C 
Fifth File Sench for filing 
Sixth Harden Furnace in the harden- 


ing room in the ma- 
chine shop; knuckle 
to be returned to as- 


ms mble 


12 The operations on the universal joint knuckle (female) are 
similar. The rings are broached, and then ground on a dise grinder, 
which is placed in the machine shop. The grinder is equipped with 
a dust exhauster and collector so that no emery dust flies to other 
machines. 

13. After all the parts are completed, they are led up to an as- 
sembler who also rivets them. They are then inspected and sent 
to the finished stock room or the assembling department, usually 
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the latter, since the production of the whole shop must be balanced 
up. 

14 At the Ford plant, the cylinders are trucked from the foundry 
to the border of the aisle, down which are located the machines 


which perform the first operation. They are light enough to be 
carried by the operators to their machines while the latter are mak- 
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Kig. 1 SrEQUENCE ARRANGEMENT OF MACHINES IN CYLINDER DEPARTMENT 


ing cuts. The cylinders move to each successive machine until they 
land in the assembling department which borders the cylinder de- 
partment. All cast-iron parts are made in the same way; some of 
the small parts have to be trucked to the assembling department, 
but in rare cases only. The trucking that is done at the Ford plant 
is taken care of by many two-ton monorail traveling hoists operated 
by electricity and forming a small railway system. 

15 An illustration of the cylinder department for the first few 
operations is given in Fig. 1. 
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First operation—drill, tap and plug three cored holes 
Second operation—spot face and inspect This is one of the most unportant 
perations on the cylinder, since it detects any defect that might have occurred 
1 the foundry. It also finishes spots to enable the placing of the cylinder in th 
jigs quickly and accurately. Many cylinders are thus saved in this jig because 
it is arranged to adjust the cylinder to ensure its being finished all over 

Chird operation—mill bottom 

Fourth operation—drill six main bearing bolt holes and ream two of the holes 
for use in gaging or jigging. The drilling is done in a six-spindle inverted drill 


pre 


and the two holes are reamed in a single-spindle drill press 

Fifth operation—mill top and sides 

Sixth operation—bore cylinder barrel 

Seventh operation—water test 

Eighth operation—amill ends of cylinder 

Ninth operation—finish ream barrel 

lenth operation—drill valve seat holes 

Eleventh operation—drill and ream valve-stem holes, etc., until the cylinder 
hes the assembling department 


i6 It may be of interest to compare the two ways of arranging 
iachines for manufacturing by using the cylinder operations of 
various kinds: In placing the machines according to operations it is 
necessary only to truck the cylinder to the first operation and after 
the last, because it is quite necessary to stock a few cylinde rs ahead 
of assembling. If the cylinders were to be machined in departments 
consisting of like machines, it would be necessary to truck to and 
from each department. Considering 1000 cylinders a day and the 
cylinders weighing above 80 lb. each, it would total 80,000 lb. to 

ich department. 

17 Grouping the operations on the cylinder to see how many 

mes it is handled in how many departments, there are: drilling, 
milling, lathe, testing, tapping, babbitting, back to drilling, and 
crinding. It would be conservative to estimate that the cylinder 
would have to be trucked about 12 times. On account of som 
operations it would have to return to a department in which it had 
already been, and would therefore be handled more times than ther: 
are departments. 

18 Each handling will amount to 80,000 Ib., or 40 tons, and 12 
handlings will amount to 480 tons a day, while the total number of 
feet of movement for each cylinder will be at least 500. This makes 
180 tons traveling 500 ft. at the probable rate of 180 ft. a min., which 
is about the gait of a man trucking. Assuming a man can truck 960 
lb., or 12 cylinders, at the above rate of travel, and figuring the 
necessary time for loading and unloading as 10 minutes, it would 
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require a force of 24 men with trucks to handle the 1000 cylinders 
per 10 hours. 

19 While it may be claimed that the cylinder is especially adapt- 
able to manufacture with machines placed in accordance with the 
sequence of operations, small forgings can also be produced in quan- 
tities much cheaper in the machine shop when the machines are 
placed in this way. 





20 The machining of connecting rods shows how this system is 
applied where comparatively small forgings are used: These are 
brought in from the forging shops, and begin their passage down 
the row of machines which are arranged for the various operations. 
Nearly all of the machining operations consist of drilling, and the 








Fic. 4 One or THE BaBBITTING FuRNACES FOR Rops AND BEARING Caps 


rods pass from one machine to the next, each being fitted to per- 
form a specific operation. A typical view is shown in Fig. 2, where 
the wrist or piston pin hole is being drilled and reamed. 

21 Adjoining this is a continuous milling machine shown in Fig. 
3, the correct length being secured by having the piston pin hole slip 
over a suitable stud at the lower end of the fixture. The rods are 
held in pairs, as can be seen. 

22 As soon as the connecting rods are ready to receive the bab- 
bitt, they have reached one of the babbitting furnaces, shown in 
Fig. 4, which is very near to the last machine. The particular 
furnace shown happens. to be babbitting the caps for the bearings, 
but is exactly similar in detail to the one which babbitts the con- 
necting rods themselves. After babbitting, the rods are bored; they 
are then complete and ready to go to the assembling department. 

23 There is another advantage in placing the machines in ac- 
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cordance with the sequence of operations; even though some ma- 
chines are not worked to their full capacity the amount invested in 
them is well paid for from the fact that it is not necessary to carry 
nearly so much stock as when the machines are grouped according 
to their classification. Each group or department alone would in 
that case need to have nearly as much raw stock to work with as is 
necessary with this method to operate the whole series of machines 
to complete the part. 
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In The Journal for May 1913 was printed an abstract of an article 
by Neumann on Processes in a Gas Producer from the Standpoint 
of the Second Law of Thermodynamics, in which the author held 
that there was a loss in heating value of the gas of between 10 and 
30 per cent between the time the gas left the fuel bed and the time 
it reached the exhaust pipe. This statement has met with consider- 
able scepticism both abroad and, judging from letters received at 
this office, in this country. Attention is therefore called to the ab- 
stract of the article of Hudler, in this issue, who holds that the 
results obtained by Neumann are true only for the very small pro- 
ducer with which the tests were made, and do not apply to producers 
of the normal commercial sizes. In connection with this the author 
gives what appears to be a firm foundation for the understanding of 
the higher efficiency of the large producer as compared with the 
small one. The difference between center gas and edge gas is also 
discussed, and the influence of their mutual proportion in the final 
product on its calorific value forcibly pointed out. 


THIS MONTH’S ARTICLES 


The Jaeger turbine-driven air pump shows how German designers 
are proceeding to solve the still unsettled problems connected with 
the construction of this class of machinery. In the same section are 
reported the proposed Russian rules for testing fans and compressors, 
interesting not only in themselves, but also on account of the at- 
tractiveness of the Russian market for American built air machinery. 
The illustrated article on cement machinery, while giving few con- 
structional details, illustrates some of the types of German ma- 
chinery exhibited at the last Exhibition of Building Trade in Leipzig. 
In the section Hydraulics is reported another installment of the 
article of Allievi on the theory of water hammer containing a full 
discussion of the characteristic of the conduit, and table of its possi- 
ble numerical values. In the Recovery of Heat Losses in Explosion 
Engines the questions of how much of the heat of internal combus- 
tion may be commercially recovered and methods for accomplishing 
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it are fully discussed. The Blezinger producer is described in the 
same section. 

As the volumes and speeds of transportation of the materials used 
in modern engineering increase, their measurement becomes bot! 
more difficult and more important. The difficult problem of meas- 
uring high-speed air blasts is claimed to be solved by the Morell 
anemotachometer described in the section Measuring Instruments 
where also the Féry Thermo-electric direct-reading calorimetric 
bomb and a new process for making visible stream lines in liquids 
are described. 

Particular attention is called to the section on Pumps in which the 
first article discusses the relation between the angle of coupling and 
ratio of piston areas in coupled double-acting twin-pumps, on on 
hand, to the dimensions of the flywheel, on the other; the second 
article contains a mathematical exposition of the theory of cent1 
ugal water pumps, as a basis for a graphical method, to be reported 
in a future issue of The Journal. This permits of a predetermination 
of the characteristic curves of the pump from its design. Reasoning 
on the basis of the degree of diffusion, the author constructs a theory 
of water pumps fully analogous to that of water turbines. In the 
section Steam Engineering data on the use of Allagit for water 
purification are reported; natural and mechanical draft in stean 
plants are compared, the conclusion being that both have their ow: 
fields of application, and do not really compete: the blower is a1 
auxiliary to, rather than substitute for, the smokestack. As to the 
latter, a new type is described, suitable chiefly for place s where the 
stack has to be built very high. The new, grid or dissipator type 
claimed to produce practically smokeless combustion under cot 
ditions where an ordinary stack would emit black clouds 




















ABSTRACTS OF ARTICLES 


Air Machinery 


JARS : = RBI Arm-Pump (Jaevers Turh fipuim pe \ | rstey }) 
furbine, vol. 9, no, 25, p. 412, September 5, 1913, 3 pp., 10 figs, d). The 
Jaeger centrifugal air pump belongs to the class of pumps working with an 
iuXillary liquid; it may be driven either by a high-speed electric motor 
or by a steam turbine running at 1500 to 3000 r.p.m In that case the 
turbine receives live steam and gives its exhuust steam to the low pressure 
stage the main turbine o that the pump turbine can be regulated 

speed of rotation, and is entirely independent of electric energy 
The air pump, cooling water pump and condenser pump may often he 
veniently assembled in one aggregate. ‘The water enters through the 


d ssion pipe a (Tig. 1A) and after passing through the regulating valve 


s thrown by the centrifugal wheel d in thin jets into the circular nozzle 

surrounding the wheel. As shown in Fig. 1B these jets form in th 

r nozzle spiral water bands g. between which is compressed the ait 

ming in through opening f This air is compressed by being drive 

forward until it passes into the pressure piping together with the wate 
The centrifugal wheel is easily accessible: si cross-sections subject 
being clogged } are carefully avoided, The bands of water are extremes 

i] there being no excessively narrow cross-sections either in the centri 

fug wheel or i he circular nozzle, which decreases the amount of 

ter used, and permits the use of comparatively dirty water. By means 

of tl regulating valve c (Fig. 1A) the supply of auxilian water, and 

hereby the output of the pump may be regulated at w The graph in 

Fig. 1C shows the « put of a pump of average size, where the weight of 

iir delivered is plotted as a function of either partial pressure or partia 


vacuum 
CONCERNING THE DRAFT OF THE RULES FoR TESTING FANS AND COMPRESS 


ors (Po povodu praril dla isputanya entilatorof i kompresso of, \ I’ 


Hermann, Zapiski Jinperatorskavra Russkava Tekhnicheskara Obshchestra 
vol. 47, nos. 6-7, June-July 1915, p. 161, 10 py 11 figs. p). A draft of rul 
rv testing fans and compressors prepared by a special committee of f) 


Second Russian Mining, Metallurgical and Machine Constructio Co 
vention. These rules are in the main based on the Regeln of the Verein 
deutscher Ingenieure. The Russian rules, however, contain also a chapte 
on Fundamental Elements of the Contract of Tests by which only suc! 
guarantees are admittted as can be verified hy direct methods, and it 
prescribed that for all such gnarantees the method ot erification 

be stated in the contract, as well as the maximum deviation from the 
guaranteed figures; while the magnitude of these deviations is left t 
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the free agreement of the contracting parties, unless it is stated that the 
actual test values may he below the guaranteed values, no implied assump 
tion to this effect may stand. For turbo-compressors the Russian rules 
introduce the use of characteristic curves, the respective passage reading 
as follows: “characteristic curves of compressors are used exclusivel)s 
in testing turbo-compressors, mainly in testing stations. ‘These curves 


express the functional relation between the pressure of a gas and the 


A B 4 " 








Weiaht of Air in 





Fic. 1 Jaecer Tursine Arr Pump 


volume delivered at different speeds of rotation, and are plotted together 
with the curves of equal isothermal efficiencies. Such curves give a clear 
picture of the conditions of work of a turbo-compressor where its efficiency 
varies between the lowest and highest permissible limits, as well as define 
the conditions of the most efficient work of the compressor.” 
Cement 

CEMENT MACHINERY AT THE INTERNATIONAL EXHIBITION OF BUILDING 
TRADES IN LEIPZIG IN 19138 (Zementverarbeitungsmaschinen auf der Inter 
nationalen Baufach-Ausstellung in Leipzig 1913, C. Naske, Zeits. des Ve 
reines deutscher Ingenicure, vol. 57, no. 89, p, 1548, September 27, 1913, 
214, pp., 8 figs. d). Both hand and power driven machinery has been shown : 


to the latter belongs the Gaspary artificial stone making machine (Fig. 2 A) 
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which makes two bricks at a time, and has an output of 9000 bricks in 
10 hours; another machine of the same company has an output twice as 
large. Fig. 2 B shows a sand and gravel washing machine in which counter 
current washing is combined with trough washing, this making it particu- 
larly suitable for handling mixed stuff like sand and gravel. Small hy- 
draulic presses for making floor and wall tiles, as well as the tiles them- 
selves, have been also exhibited. The Steinbrecher cement brick making 
machine (Fig. 2C) can make one or two bricks at a time. Its powerful 
lever with high leverage produce, with a mixture of 1 part cement to 
3 parts sand, a perfectly water tight brick, which can be used without a 
protective layer of paint or cement. The parts subject to wear are made 
replaceable, the profile plate being of hardened steel. Fig. 2D shows the 
cement pipe stamping machine of the Royal Bavarian Mining Administra 
tion. The same concern exhibited the Kunz concrete and mortar mixing 
machine shown in Fig. 2E and F. This machine, with a capacity of 
0 liters (15.75 cu. ft.) has an output of 150 chm (say 5300 ft.) per 
day; it is provided with a device for hoisting the mix, which, as well 
as a winch, are driven by an electromotor forming part of the installation. 
Several other types of concrete mixing machines have been exhibited and 
are briefly described in the original article. 
Hydraulics 

THEORY OF THE Water HAMMER (Théorie du coup de bélier, L. Alliévi. 
Bulletin technique de la Suisse Romande, vol. 39, nos. 11, 14, 15, pp. 121, 
159, 171, June 10, July 25, August 10, 1913. Serial article, not finished. tA). 
Continuation of the abstracts published in The Journal, August 1913, p. 
1287, and September 1915, p. 1484. The nature of the phenomena ac- 
companying a variable motion of a liquid in a conduit and characterized 
by continual variations of velocity and pressure is evidently determined 
by the fact that these variations give rise to continual transformations 
of the kinetic energy of the liquid column into potential energy (elastic 
deformations) of the liquid and walls of the conduit, and vice versa. 
It appears therefore that the laws of these phenomena must be in direct 
relation with the quantities of energy, either kinetic or potential, con 
tained at every instant in each section of the conduit. Since, however, 
system [9] (The Journal, September 1913, p. 14385), which is the analy 
tical expression of these laws, relates to the data characterizing the 
conduit only through the intermediary of the characteristic p, it is to 
be expected that this characteristic, which fully defines the permanent 
operation of the conduit. is also closely related to the quantities of poten 
tial or kinetic energy contained in a unit of length of the conduit while 
the latter is operated under permanent conditions, and it can be shown 
that p can be expressed by half of the square root of the ratio between 


these two quantities of energy, or that 


. 1 iw (10) 

2Nw 
where W, is the quantity of kinetic energy contained, under normal 
operating conditions, in a unit of length of the conduit, ie. the kinetic 


energy stored up in A unit of length of a column of liquid having velocity 
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W the 


conditions, 


quality of potential energy contained, 


the 


norma! 
the 


so under 


ig in a unit of length of conduit, i.e. 


sum 


qualities of energy absorbed, first by the elastic compres 
a unit of length of the liquid column, and, next, by the elastic 
ation of the walls of the conduit, within a unit of length of the 
rhe next point is to determine the numerical limits between whic! 


1 


pplications. 


It has been previously shown (cp. The Journal, August 1913, p. 1287) 
hat the velocity of propagation of variations of load ong a conduit a 
ries from 600 to 700 m. for thin-walled pipes of large diameter, to 
1200-1300 m. for thick-walled pipes of small diamete vhile the norma 
elocity varies from 1.50 to 3.00 m./see. To understand the 1 eri 
culation of p, the following must be borne in mind All the prece v 
rmulae are based on the assumption that the velocity of propagati 
f variations d, and consequent the ratio D:e, are constant along the 
entire eth o mduit. This assumption is fficient exact i 
ertain cases, e with conduits, often very long, for water distribution 
ties, but is seldom true in the case of feeds to hydraulic plants 
ch are ef particular interest in this connectio1 The conduits of tl 
character are inclined, in a vest majority of cases, so that the ratio D:« 
( ere e is the thickness calculated on the basis of the static load 
to which each section of the conduit is subjected) decreas rom top t 
1 of the conduit, while @ decreases from tol In sucl 
é iverage lue of a has to be used, sucl t. i e variations 
‘) pressure were transmitted at this average vel ong the ¢ dui 
time occupied for making the entire length « ( duit L w dle 
l a | l to = ax), which is the time actua occupied for making 
t the variable velocity ax, the sum of the sections rming the cond 
ength / It appears logical to use, in calculating the ave re \ ‘ 
fa a e hove when a water hammer is considered of l 
| ’ permit the elasticity of the entire conduit to act sv | 
ertai happen in the case of the so-called counter blow e dura 
tion ofl vhicl considerably exceeds that of the phase ul pA ao the 
direct ow. On th other hand, when direct-blow phenomena I a 
sidered, of duration inferior to in the calculation of p, for a the value 
orrecpo ding to the lowest section of the conduit must ( T en In 
renern le ever, tl extreme limits between which a may vary ire close 
enough to make the use of an average value of a possible in this calculation 
without iterially affecting the exactness of the results 
The followi calculation of a conduit having a cons slope 
siven here as an example of the application of this method Che thickness 
of the walls is calculated at each point, on the basis of the correspond 
ing static load, for a constant ratio of work R.10° kg./1 this thickness 
being subsequently increased by a value, assumed ‘ oportional 


to the 


diameter, the ratio 


it ft of 0.0025 m per meter If therefore 
the static load in a section of abscissa + he designated bv then 
24 LOO0O7. 
0.005 
'D R.10 
Taking k=7 kg./mm’, and introducing the value of 2e:D into an equa 
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tion of modified form of [la] (cp. The Journal, August, p. 1287) the 
following expression for the velocity of propagation of variation ax in 
the section of the conduit under consideration is obtained 


= 14254 | Y¥xt99 (11 
\ Y¥xt+180 


which is correct to a great degree of approximation. By means of this 


a 


rABLE 1 yx-ax VALUES 


Yx ix 


x Gx Ux x 
0 628 90 974 350 1216 
10 703 100 990 400 1236 
20 747 120 1025 500 1266 
30 792 140 1054 600 1287 
40 834 160 1080 700 1305 
50 865 180 1102 800 1318 
60 R97 200 1122 900 1329 
70 924 250 1161 1000 1333 
80 948 300 1192 1100 1346 


TABLE 2 VALUES OF CHARACTERISTIC p FOR DIFFERENT CONDITIONS Ol 
OPERATION 


p for Veloci p for Vel 
Jo 1 Vo 

t 1.50 m' t, =3.00 m UP 1.50 m! % 5. Of 
1000 1184 0.09 0.18 120 861 0.55 1.10 
SOO 1153 0.10 0.21 100 837 0.64 1.28 
600 1110 0.14 0.28 80 809 0.77 l 
500 1082 0.16 0.33 60 777 0.99 } 1.98 
100 1046 0.20 0.40 40 739 1.41 2.83 
300 1000 0.25 0.51 30 717 1.83 3.66 
200 936 0.36 0.72 20 694 2.65 5.30 
140 883 0.48 0.97 10 665 5.09 10.18 


formula, Table 1 has been obtained. If the values of this table be 
substituted in the expression L:a=* (lx:ax), average values 


of a will 


be obtained for conduits at constant slope for heads between 1000 and 


10 meters (3280 to 382.8 ft.). These results are tabulated in Table 2 


which contains also the values of the characteristic p corresponding to 
those heads and to the extreme normal velocities v,—1.50m/sec. (4.92 


ft./sec.) and 3.00 m/sec. (9.84 ft./sec.). This table shows that practically 
p varies between 0.10 and 10 In the next abstract will be shown a 


simple method of representing these systems of values graphically. 
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Internal Combustion Engines 

ON THE Recovery oF Heat Lost In ExPLosion ENGINES (De l'utilisation 
des chaleurs perdues des moteurs a explosion, G. Debesson, La Technique 
moderne, vol. 7, no. 7, p. 209, October 1, 1913. 5 pp., pt). The author 
discusses the question in how far the heat losses of internal-combustion 
engines admit of industrial recovery. There are certain losses which 
cannot be so recovered. Thus, in a gas engine even very well constructed, 
there are losses, about 5 per cent, due to incomplete combustion, while 
in poorer built engines there may also be losses due to improper regu 
lation of the air admission. In addition, even in the best built engines 
there are leaks in the valves « 


r past the piston, or due to pre-escape of 
gases, these losses amounting to, in good engines, about 5 per cent more 
Further a certain amount of heat is lost through radiation from the 
piping and various organs of the engine, and, while some of it may lb 
recovered by proper ventilation of the room, there will inevitably be about 
5 per cent more losses from this source, thus making up a total of about 
15 per cent of the initial heat value of the gas or liquid used in the 
engine (working fluid). With producer gas there will be further losses 
between the gas producer and the engine; the cooling of the gas in 
volves considerable losses which cannot be commercially recovered because 
the water used for this purpose is not heated high enough to permit of 
economic recovery of the heat absorbed. Table III] gives a summary of the 
heat losses in various kinds of engines (1 calorie =3.96 b.t.u., 1 calorie 
per cu. m.=0.112 b.t.u. per cu. ft.). 

The recoverable heat units may be divided into two parts: (a) those in 
the cylinder cooling water, and (0b) those in the exhaust gases In small 
engines with automatic circulation (a) is dissipated by radiation from 
the piping leading to and from the cylinder, but in large engines, where 
the water is let off into the sewer, the losses are larger, because the 
water itself always costs something, be it only the labor of pumping it 
According to Letombe, the cooling water carries off 700 to S00 calories 
to 3168 b.t.u.) per effective h.p-hr. While there are some engines 
which can do it with 35 liters (9.1 gal.), taken at 15 deg. cent. (59 deg 


fahr.) and raised to 35 or 3S deg. cent. (95 to 100.4 deg. fahr.), most 
engines use a far larger amount of water, the temperature of which 
varies, of course, within closer limits, the consumption of water rising 
sometimes as high as 100 liters (26 gal.) per effective h.p-hr. Here an 
economy may be effected by providing the engine with automatie circu 
lation and the cooling of the water down to the temperature of the sur 
rounding air by means of surface air cooling, thus recovering the heat 
contained in the cylinder cooling water, and utilizing always the same 
water for cylinder cooling; with the water at 0.20 francs per cu.m. (say 
$0.0001 per cu ft.), the loss from the latter source may amount to 0.35 
to 1 francs (say $0.07 to $0.19) per hour for an engine of 50 h.p. The 
recuperator of the heat from the exhaust gases would be placed after the 
air-cooler of the cooling water, and the limit of the cooling of the gases 
would be therefore the temperature of the air coming out of the cooler, 
the initial temperature of the exhaust gases varying from 450 to 600 
deg. cent. (842 to 1112 deg. fahr.), in accordance with the change of load on 
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the engiue, the average temperature being around 550 deg. cent. (1022 
deg. fahr.). When properly coustructed, the heat recuperator from the 
exhaust gases does not result in the creation of extra back pressure, since 
the cooling of the gas leads to the reduction of its volume, and the re 
cuperator acts as a condenser of a steam engine. 

As to the methods of recovering the heat of internal-combustion en 
gines, the author considers mainly direct heating of air, less known than 


rABLE 3 DISTRIBUTION OF HEAT LOSSES, IN CALORIES, IN INTERNAI 
COMBUSTION ENGINES 


Per Horse power-H¢ ir Calories 


Kind of Engine | Losses 
between Loss it Part 
Used Lost Producer Eng < eral 

| and Engine* Losses 
City gas engine 2260 1624.7 339 28 
Producer gas engin¢ 2779.2 2143.9 386 416.9 
Large gas engine, 

300 h.p. up.... 2300 1664.7 45 
Large producer gas engine 3000 2364.7 416 $50 49 
Gasoline engine... 3675 3039.7 2 15S 
Gasoline engine 5250 1614.7 787.5 82 
Heavy oil Diesel engine 1900 1264.7 285 979 
Heavy oil Diesel engine 2320 1684.7 18 1336.7 
* The coal used is assumed to have a heating valuc of 7520 calor 6] 
lb.), while the heat losses under this heading are assumed to be 100 : r kg 
1800 B.t.u. per Ib 
t These losses, as explained in the 

of the total heat used. 
the system of using special boilers for heating or power purposes Chis 
may be done in the following way: (a) by passing air through the 


engine room so as to collect the heat lost by radiation; (0) by passing it 
then through a battery of heating elements in which circulates the 
cylinder cooling water; (c) finally by passing it through a battery of 
heating clements through which circulate exhaust gases. The temperature 
of the air will thus gradually increase until the moment when it comes 
out of the system which it will do at the point where the exhaust gas 
come in, ie., at the hottest part of the system, which is in accordance 
with the theoretical requirements of a good heating system. This ar 
rangement will of course require the use of a fan, but the power con 
sumed by the latter is insignificant as compared with the saving it 
heat obtained. The only part of this system which will require specia 
design in construction wil! be that heated by the exhaust gases, which 
must have: very good joints, even though the metal will be subject to 


t 
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Serious expansions owing to the difference between the initial tempera 
ture of 450 to COO deg. cent. (842 to 1112 deg. fahr.). and the final tempera 


ture which will be as low as can be obtained: it must be easy to clean, and 


have rrangements fo. emoving the r f « cle tic I el t 
by the combination of excess oxygel ind hydrogen, and slightly am 
moniacal; must be proof against the action of the gases and liquids 


contained or formed n the exhaust mainivy of basic nature, but som 


times, especially in engines using liquid fuel. also slightly acid The 
tull then proceeds to discuss the cases of plants having an engine 
f 50 h.p. driven by city gas, producer gas, and gasolene, with the re 
ered heat ed in a drver. and shows that respectively, the following 
le ay be evaporated per working day of 10 hours 
£00 , Ors ITD 
( (2281 Ib.) 
I 10oUs | > I GAS Propucers (Nachteilige Vorydnge in Gas 
J. Hudler, Feucrungstechnik, vol. 1, no. 24 p. 425, September 
15, 1913 = pp., t) Criticism of a statement of K. Neuman n the latter's 
The Processes in a Gas Producer from the Standpoint of the 
second Law of Thermodynamics, (cp. The Journal, May 1913, p. SSD) 
he gas leaving the fuel bed suffers a oss of 10 to 30 per cent 1) t< 
( = Value before it reaches the exhaust pipe. According to Neumann 
this ss is due to the transformation of carbon monoxide into carbon 
lioxide it ccordance with the formula: 2 CO—CO,+C The gas used 
for open-hearth furnaces is obtained from coal, and heated in regenerators 
up to a temperature of 1000 to 1100 deg. cent. (18382 to 2012 deg. fahr.) 
rhe heat osses in this case are, according to Professor Simmershac! 
(Stal ind Lisen, Feb. 6, 1913, p. 239), only about 4 per cent at most 
but really even less In Neumann's test coke was used as a fuel. whicl 
practically eliminates the presence of hydrocarbons, and it was to thei 
decomposition that the small losses in the above cited practical cases 
were due. Further, in practice the temperatures with which the gas leave 
the f bed (and the gasification of coke without stear Ss not used 
practically) are considerably below those prevailing in the regenerator of 
the open-hearth furnace, while the time of the flow of gases through the 
former is also shorter than through the latter If therefore ( sses 
producer proved to be several times larger than is usual to find in the 
regenerator, there must be some other causes for that 
roy the analysis of the data of Neumann's experiments referring to 
the changes occurring in the gas from its leaving the fuel bed to its 
reaching the exhaust, the author deduces the following facts: (a) increas 


in the contents of water, nitrogen, and. with one exception, carbon dioxide: 
(6) decrease in products of dec position: carbon monoxide and hydroge 

rhe theory of decomposition of CO, does not explain it. On the other hand 
both Neumann and Waldeck have noticed that the gas near the walls of 
the producer is different from that coming from the center of the fuel bed. 
the former (Waldeck) being sometimes entirely free from carbon monoxide 
rhe gas in the exhaust pipe is therefore really a mixture of two gases 

} } 


and that explai the increase in the content of water, nitrogen. and 


carbon dioxide, and the decrease in carbon monoxide and hydrogen It 
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is rather surprising to find that the difference between the gases at the 
center and those at the edge is such as to affect to a large extent the heat 
relations. According to the author. this is due to the dimensions of the 
particular gas producer with which the tests were made which was com 
paratively small. The amount of gases formed in the edge section, as 
well as the unfavorable influence of radiation losses, depend on the di 
mensions of the circumference of the producer, the ratio of which to the 
area of a section is larger in small producer than in large ones. The 
author shows by calculation that while in a large gas producer the 
section composed of the fuel lying near the walls and easily permeable 
to the gases forms only 1.57 per cent of the total area; in a small producer 
of the size used for the tests. it forms as much as 10.4 per cent of the 
total area, owing to which in the latter there is a far larger production of 
the (low in heating value) edge gas. In addition to that, 


v the gases in 
the edge section have a far greater velocity than in the center of the 
fuel bed, which helps further to show that the large losses in the 
Neumann tests were due to the small size of the producer. Large pro 
ducers work more cconomis ally than small ones, 


The fact that at full ioad the heat losses in the gas were smaller 
than at half load, is explained by Neumann by the assumption that in 
the former case, owing to the greater velocity of the flow of gas, there 
is less time left for the decomposition of the carbon dioxide. The present 
author explains it by the fact that, since, as was shown by Neumann 
in another investigation, the radiation losses are approximately constant 
they form, at full load, a smaller part, in per cent, of the total heat 
value of the fuel than at part load, and would be double at half load, 
and treble at a third load. ‘The large losses apply therefore only to 
small producers, while the large producers are, in the author's opinion, 
free from that defect, and have reached an efficiency close to the 


inaximum possible limit. 


MopERN AUTOMOBILE CONSTRUCTIONS (Neuere Automobil-Konstruktionen, 


I. Klinkenberg. Der Motorwagen, vol. 16, no. 24, p. 597, August 31 


1918. 6 pp., 7 figs. d.). Description of the Windhoff touring car and 
its engine; the latter does not materially differ from the standard 


Kuropean design for low power engines. 


New GAS T’RopUCER CONSTRUCTIONS WITH SPECIAL REGARD TO STEAM 
Borer Fireinac (Uber neuere Gaserze ugerbauarten unter besonderc) 
Beriicksichtigung der Dampfkesselheizung, Gwosdz. Zeit. fiir Dampf 
kessel und Maschinenbetrieb, vol. 36, no. 87 and 38, pp. 447 and 459 
7 pp., 5 figs. de). Discussion of new types of gas producers and their 
application to steam boiler firing. The Blezinger gas producer belongs ti 
the carriage grate type (Fig. 8) and is primarily 


designed to use low 


grade lignite. It works satisfactorily with the German lignites which 


have a high water content (40 to G5 per cent) and a tendency to large 


formation of clinker. Its chief advantage lies in the ease with which 
ash can be removed. The shaft b jacketed in its lower part, and reach 
ing down nearly to the grate carriage a, is supported on four columns. 
The upper part of the shaft is brick-lined; the lower part is formed 
by a cast-iron water-cooled ring ¢, 


the purpose of which is to prevent the 
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baking of clinkers on the shaft walls. In the latest types this cooling 
mantel is designed as a boiler furnishing steam required for the work 
ing of the gas producer (this type is shown in Fig. 3). The producer 
itself is covered by a plate supplied with a peculiar lifting apparatus 
consisting of a truncated cone d provided with two openings ¢ and f 


over which are placed two conveyor rolls g and / uninterruptedly bring 














Fic. 3 Brezincer Gas Propvucet 


ing in coal at a uniform rate from the bunkers above. From the uppet 
part of the truncated cone hangs the gas escape pipe i, for the escape 
of gases from the inside of the coal bed. the thickness of the bed being 
regulated in such a manner that the lower end of the pipe is always 
in the coal. Between the edge of the shaft and the face of the grate 
carriage there is a space of 50 mm (say 2 in.) permitting always free 
motion of the grate carriage; during the running of the producer, this 
space is packed off by means of a movable sheet of iron dipping into a 
water seal. Should there be a formation of clinker, a previously cleaned 
grate carriage is connected with that under the producer, the new 
earriage having its grate basket filled to the top with fuel in large 
chunks. When this carriage is shoved in, the clinker layer of the 











1694 FOREIGN REVIEW 


producer is cut off, without effecting any change in the fuel column. 
This change of grate carriages takes from 5 to 7 minutes. When fuel 
with high water content is treated, the gas is led through a water 
cooled washer where most of its moisture is removed. 

The above described arrangement is goood only if the amount of fine 
coal in the fuel is not too large. When fuel containing, say, more than 
GO per cent fi 1 


ie material, is thrown cold into the producer shat lie 
water and tar vapors, in passing through the cold fuel bed thus formed 
condense, and in a short time a dough-like mass is formed which does not 
permit the gas to pass through, so that the action of the producer stops 
A special type has therefore been designed (described and illustrated 
in the original) with a delivery drum in which the fuel is heated up to 
7 deg. cent. (167 deg. fahr.) previous to being thrown on the fuel bed 
Complete data of tests of double-fiue boilers, without either superheaters 
or economizers, fired by gas from Blezinger gas produce are cited 
\N IMPORTANT Discovery (Hine wertvolle Entdeckung, Mk. Allgemeine 
1utomobil-Zeituny, vol. 14, no. 3S. p. 15, September 20, 1913. 1 p. g@) 
The author compares the statement of the Petrol Substitutes Committe 
of the Roya! Automobile Club of Great Britain with that of Mr. Armitage 
president of the British Motor Spirit Syndicate, and expresses the beliet 
that the process of the latter is similar to that announced by the Petr 
Substitutes Committee, his process consisting in passing a mixture of 


und steam, at a certain temperature, through pipes containing nick« 


t 


rods. The nickel acts in such a manner that the hydrogen of tl 
unites with the oil, and transforms it into a lighter oil making a good 
motor fuel (Lamplough process). 
Measuring Instruments 

CONCERNING THE PROBLEM OF CONTROLLING THE OUTPUT OF BLOWER: 
(Zur Frage der Leistungskontrolle der Geblasemachinen, G. Jakob-Mar 
zella. Zeits. fiir das gesamte Turbinenwesen, vol. 10, no. 25, p. 392, Sep 
tember 10, 1913. 1 p., 2 figs. d) With the modern high speeds of blast 
(up to 75 m per sec. or 246 ft. per sec.) the usual measuring and re 
gistering apparatus cease to give satisfaction Micromanometers and 
apparatus of the pitot tube type are unsatisfactory for an extended 
period of operation and with rapidly varying velocity of blast, the pitoft 
tube being in addition unfavorably affected by eddies in the air passages 
which cannot be fully eliminated with a strong blast. All these disadvat 
tages are said to have been eliminated in the anemotachometer of 
Wilhelm Morell in Leipzig (Fig. 4), which is like an ordinary anemometet 
with the difference that the integrating device of the latter is replaced 
here by a centrifugal pendulum with an indicator pointe It was feared 
at first that the inertia of the pendulum and other parts and the friction 
in the bearings would unfavorably affect the sensitiveness of the indi 
cations (tests have shown that with a small] blast it takes several sec 
onds for the anemotachometer to pass from its state of rest into full 
motion), but this inertia lag becomes smaller us the wind increases, and 
for blasts within the limits of technical application becomes quite negligi 
ble; it was proved further by tests that the anemotachometer follows the 


changes in the blast as closely as a micromanometer with a pilot tube, 
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gives satisfactior 


An anemotachagraph was built 


measurement and recording of the velocity 


lhe anemotachogranl Is described and illustrated 


a dirigible airship 
THERMO-ELECTRIC CALORIMETRI 


calorimétrique thermo-électrique 


DbrireEcT READING Boms ( Boml 
directe, susteme Ch. Fe ] 


September 20, 1913. 114 pp., 1 fig. de) 


» sample is evaluated by 


combustible unde 


Its distinctive features are 


the metal of the bomb taking 


iture produces ly ne Comms 





o-electric process. The appara 
the calorimetric bomb proper 
envelop | by a dis The 

J | ead by electri 


running between the rods A from a 


purpose. J) is the outside coating; 
steel does not insure perfect 
leads to lack of uniformity in 


coating. 3 to 4 mm (0.118 to 


nickel coating which can be easily 


the moisture formed. The capsule J is always 


removed in order to weigh 


placed at the same height 


an adjustment shown on the rod 


located between the rods A is 


in from the outside contact screws G. Oxygen is admitted through 














1696 FOREIGN REVIEW 


the cock /F', and is thrown out in four horizontal jets, so as to avoid the 
blowing away of combustible if the latter happens to be in the state of 
powder. The heat produced is read from the millivoltmeter L either in 
inillivolts, or directly in calories, the latter being possible, of course, only 
when the amount of combustible is equal to the unit weight for the 
system of heat units used. ‘Tests made with instruments at the Labora- 
tory of Arts and Trades in Paris (the original article contains some 
data of these tests) have shown the reliability of the instrument. 
CONCERNING A NEW METHOD FOR MAKING VISIBLE STREAM LINES IN 
LIQUIDS (Ube r ein neues Verfahren, die Stromlinien in Flissigkeiten 
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Fic. 5 Fery Tuermo-Evecrric Direct Reaping CaLorimetric BomsB 
Sichtbar zu machen, R. Watzmayr. Mitteilungen des K.K. technischen 
Versuchamtes (Vienna), vol. 2, no, 3, p. 46, 1913. 5 pp., 3 figs. d) 


Discussion of methods for making visible stream lines in solids, liquids 
and gases. The author recommends the following new method for making 
visible stream lines in gases. He proposes to hang up a large number 
of short and very light threads arranged so as to follow one another, 
without being in mutual organic connection. To eliminate as far as possi 
ble the influence of the force of gravity, the flow of the gas may be made 
vertically downwards. The threads then follow the stream line in the 
gas flow, which they can do with great precision through being light and 
short, while the arrangement of a large number of consecutive threads per 


mits the stream lines to be visible even in an eddying flow. The method is 


exact only for flows having velocities different from zero, and depends on 


the weight, or rather lightness, of the threads used. Tests have shown 


that the presence or absence of other threads in front or behind a thread 


does not affect its indications: there is therefore no screening effect on 





em ial 
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one thread due to the presence of another. The 


method of attaching the 
threads does not materially affect the correctness of their indications. 


Pumps 


CONCERNING THE VARYING INFLUENCE OF THE Most SUITABLE ANGLE O1 
COUPLING AND RATIO OF (PISTON) CROSS-SECTIONS ON THE I)IMENSIONS OI 
THE FLYWHEEL IN COUPLED Dour.tr-AcTING Twin Pumps (Uber den 
wechselnden Hinfluss des giinstigsten Kiipplungswinkels und Querschnitts 


verhdltnisses auf die Schicungradabmessungen bei gekuppelten doppel 


wirkenden Zwillingspumpen, Karl Mayer. Zeits. des Oesterr. Ingenieur 


und Architekten-Vercines, vol. 65, no. 38, p. 6380, September 19, 1913. 2 


pp., 4 figs. t). This article is virtually a continuation of the author's 
articles in Die Foérdertechnik (see abstract in The Journal, October and 
November 1912, pp. 1574 and 1891). Only the conclusions to which the 
author arrives are here reported. The keying on the cranks of coupled 
double-acting twin pumps to the most suitable angle with respect to the 


inaximum velocity of the suction or pressure water column affects favora 


bly the hydraulic efficiency of the pumps, but has a contrary effect on 
the dimensions of the flywheel. With the crank drive ratio A and 
the application of the method equality of alternately opposite piston 
ureas (see more below) the weight of the flywheel may be made by 


0.4 lighter than when the working cross-sections of the pistons are equal, 
und the cranks are keyed at an angle of coupling of 90 deg. If \ 1, the 
weight of the flywheel is only 0.4 of what it would have been with equal 
working cross-sections of the pistons and coupling of the pumps under 
an angle of 90 deg. The method of making the area of the upper side 
of one of the pistons equal to that of the lower side of another and 
vice versa, with due regard to the most suitable ratio of 
to the maximum velocity of the suction or 


cross-sections 
pressure water column, affects 
favorably the dimensions of the flywheel, and the more so, the shorter 
the connecting rod. When the combined process is used, i.e. when, in 
addition to the equality of alternately opposite piston areas, the angle of 
coupling is different from 90 deg., the flywheel dimensions are not as 
attractive as when the method of equality of alternately opposite piston 
areas is alone used, and, when the equality of maximum velocity in all 
the four phases (see The Journal, October 1912, p. 1574) is preserved, 
only 0.2 of the flywheel weight is saved. The author therefore arrives at 
the following general conclusion: with the most suitable angle of coup! 
ing, a high hydraulic efficiency of the pumps is attained only at the cost of 
larger dimensions of the flywheel. When the area of the upper side of one 
of the pistons is made equal to that of the lower side of another, and 
vice versa, a Saving in the weight of the flywheel is obtained simultaneously 
with a comparatively high hydraulic efficiency A further improvement 
of the hydraulic efficiency by preserving the equality of alternately 
opposite areas of the pistons, and making the angle of coupling differ 
from 90 deg., leads to a material decrease in the saving in the weight of 
the flywheel. 


THEORETICAL AND GRAPHICAL Stupy OF CENTRIFUGAL Pumps (Elude théorique 
el graphique des pompes centrifuges, J. Dejust Revue de mécanique, vol. 33, no. 3 
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p. 209, September 30, 1913. 48 pp., 32 figs. mtA). By means of a combinatior 
of graphical and mathematical methods the author arrives at a process for de 
termining the forms of blades, wheel, collectors and diffusors of centrifugal 
water pumps, as well as predetermining their characteristic curves. The exposi- 
tion of this process is preceded by an interesting discussion of the theory of 
water turbines, omitted here owing to lack of space. 

The centrifugal pump supplies the energy to a mass of water so as to lift it to 
an upper level If two sections, M and M’ (Fig. 6A) be considered, betwee 
which energy is supplied to the water, the following equation is obtained 


\ ) | ) 
pos 2! sone wom 
29 Ww 2q w 


where V and V’, p and p’ are the velocities and pressures in the sections M and 
M’ respectively, z and z’ the altitudes of the centers of gravity of the two sec- 
tions, 7’ the total « nergy supplied to 1 kg. of water between these two sections, 
which must be sufficient not only to lift the water to the height H but to over- 
come all the losses of head due to resistances in the piping and pump With th 


following notation 7’ may be expressed as in equation [2]: n, loss of head in th 


suction piping and passages at the entrance to the pump; 7; loss of head in the 
movable part of the pump; 7. losses in the diffusors of collectors of the pump 
and the discharge piping 
T=H+natnitne =i 2 
The term Ne includes the losses due to the fact that there is an unused head 
through the water being discharged at a higher head than is absolutely necessary 
for its operation, as well as through the non-use of the kinetic energy of the water 
flowing out of the pump. The head H, is therefore called fictitious head. By 
substituting in equation [1] for T its value from equation [2] the general eq 
of water pumps is obtained: 
Vy’/2—] p p 
ae | \ 


mt Ww 


+ 


which shows, that when the water leaves the pump, energy is stored in it in tw 


y"2—y? 


forms; one, kinetic, represented by the member » and the other, poten- 
29 
p Pp on » ge - | , 
tial, by the member - The velocity of discharge V’ decreases therefore 
Ww 


when the potential energy increases. In practical applications, however, ther 


} + 


is reason for having the water in the conduits flow at a relatively low speed (1 to 


2 m., or say, 3.2 to 6.5 ft. per sec.), while at the discharge the velocity rises 
high as 40 to 50 m. (131 to 164 ft If the speed were suddenly reduced from 


40 or 50 to 1 or 2 m., by means of some loss in head, all the corresponding energy 
would have been lost, which does not happen when the reduction in speed i 
effected by a gradual increase in section, i. e., by a conversion, or diffusion 
velocity into pressure. Since the potential energy of the water is only a fractio1 
of the total energy H;, it can be « xpressed as a function of the latter 

p'—p 


Ui] eH, } 


where the symbol ¢ is analogous to that expressing the degree of reaction in a 
turbine, with the difference, however, that it expresses here the degree of diffusion, 
or the opposite phenomenon. It is by the use of this new element of calculation 


| 
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that the author claims to have succeeded in building up a theory of pumps fully 


similar to th: 


By substituting eH, for its equivalent in equation 


ire 
trance 


Lo the 


2. 
»\ 


' 
i 


it of turbines 


pump 


ipplying the Bernouilli theorem to the relative mot 


l l following l obtained 


j \ 


Hyil—e 
9 


LI 
29 


This equation shows among other things that when the diffusion is fully taken 
( of in the movable wheel, the 


speed at discharge is th me as that at en- 





ion of the water in the 
heel, the following equation Is obtained 
, i? p’ ad 
+ Zz } 
) - 9) 
an“ aw on 
wher und ire the relative velocities, while u and wu’ the speeds of rotatio 
t the entrance to, and discharge from, the wheel respectively. From this equa- 
tion 1 ol ined 
» ) l l 
n eH 6 
), ) 
hicl I ibstit ited into the general equation | give the form 
| J 
} H I ii 
* ) 9 
I gous to the equation of velocities for turbines. Further, by making use of 
the triangle of velocities at the discharge fro nd entrance to the pump, the 
uthor derives the equation 
2V'u' cos a 2) COS a 
H I ter 
ba 
vhere a and a’ are the angles between the absolute velocitie- nd the velocities 
of entrainment 
Calculation of a cent 


fugal pump. For a given range of oper: 


V il 1s H,, V, 


id nj 


are known, there is a system of three equations I / 
or [I te Il], and five unknowns: V’, wu’, u, w’ if equation [I b is 
ised, and \ i’, u, a’, a, if equation [I ter] is used. Two conditions must there- 
fore be either assumed or determined in some other manner, since otherwis« 
there will be several solutions for each problem, with a definite hydraulic efficiency 
correspondir g to each solution The hvdrauliec efficieneyv « pump deter- 
mined from the following formula 
gH H l “ 
Vv ‘ 
gH H-+7n n 
l 
H H H 
: .1 ” : 
lor a definite installation and range of operation and ire constant what 
H H 
ever pump be used, but depends on the relative velocity of the water in the 
pump, section of the wheel and moistened perimeter corresponding to that 
X ; ; X 
section: 7 B and, since a given output gives for — B, values practically 
‘> >) 
equal for all types ol pumps, it may be safely ussumed that the loss 


; 


tional to the square of the relative velocity, and, therefore, to attain 


he 


propor- 
maximum 
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hydraulic efficiency, it is only necessary to select the supplementary conditions 
and data in such a manner as to have the relative velocity a minimum. These 
data are: H,, V, and n;. Neither H, nor V, although the first is indirectly in 
functional relation with w, materially affect the latter. On the other hand, as 
shown by equation [6], in order that « give the minimum relative velocity, the 
supplementary conditions must be selected in a certain manner, since the value 
of u, and through it those of u’, w and w’ also depend on these conditions. The 
minimum of »; depends, as shown above, on the relative velocity being minimum, 
but the relative velocity is variable at the entrance and discharge, and, for given 
degrees of diffusion and velocity of rotation, the relative velocity of entrance 
varies in the same sense as that of discharge. It is therefore enough to make 
the relative velocity of discharge minimum. 








Fic. 6 CENTRIFUGAL Water Pumps DIAGRAMS 


The author proves further that the minimum of w’? corresponds to the mazi- 
mum of the degree of diffusion, a fact which is proved also by tests of pumps 
designed by other methods. He also proves that the minimum value of w’ is 
determined by the conditions that V’=u’, and angle a’ be as small as possible, 
the upper limit of the degree of diffusion being given by the equation 

I he : 
€ | Q 
2 20H; 

This process is applied by the author to the calculation of several types of 
water pumps. As an example the part referring to the old type Farcot pump is 
here reported. This pump is characterized by radial entrance and discharge 
Fig. 6B), i. e., the absolute velocities of entrance and discharge are both directed 
radially, which fact gives the two supplementary conditions: a=90 deg., and 
V2=y'?+w", or u’ V’ cosa The general equation for angles (I ler} becomes 
therefore: u’?=gH,, which indicates the tangential velocity to be given to the 
wheel in order to obtain the head H;. With u, V and a known, the triangle of 
velocities at the entrance is determined; to find that at discharge it is necessary 
to know V’ and a’. V’ is given by the general equation [II] when the degree of 
diffusion ¢ is given: 


vet (9] 


° ge ° ° . ° ° . u on 
while a’ is given by the second initial condition, from which cos a= —. To make 
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u ; i 
the solution possible, it is further necessary that y 1 or that u y, Phat 
is to say 

gli; « | 2gH l € [10] 
and hen Cc 

l \ 1941 
€ t {11} 

2 2gH 
which shows that in pumps of this kind the degree of diffusion must be between 

l ) 

zero and | 57 20H To find their efficiency w’? must be expressed as a func- 


tion of the degree of diffusion « which can be done from the expression w’? 
\ 4°“, OF as 
yw” \ T gH, 2gH 

which also shows that the minimum of w’* corresponds to the maximum of the 
degree of diffusion 

In the second part of the article which will be reported in a future issue of The 
Journal, the author shows how to determine graphically the various elements 
in the design of centrifugal pumps; among other things, the characteristic curves 
of the pumps designed 


Steam Engineering 

WATER PURIFICATION BY MEANS oF PERMUTIT AND ALLAGIT (Die Wasser 
reinigung mit “Permutit” und “Allagit’, W. Beck Zeits. fiir Dampfkessel 
und Maschinenbetreb, vol. 36, no, 38, p. 463, September 19, 1913. 2 pp., g). 
The most interesting part of the article is that referring to Allagit, a 
substance discovered by Kobelt, in Germany. A it is a purified volcani 
lava, possessing like the natural zeoliths, the property of easily exchanging 
bases with the salts contained in water. Allagit is neither a chemical 
compound nor a zeolith, and its constituent parts are not always present 
in their stoichiometric ratios. It is applied in the same manner as per 
muutit, and is equally regenerated by a 4 to 5 per cent cooking salt 
solution. 

NATURAL OR MECHANICAL DRAFT IN STEAM PLANts (Natiirlicher ode 
kinstlicher Zug bei Dampfanlagen, Fr. Barth. Zeits. des Vereines deutsche 
Ingenicure, vol. 57, no. 87, p. 1455, September 13, 1913. 8 pp., 8 figs. cd). 
With all its well-known advantages, mechanical draft is more economical 
than natural draft only under certain conditions: where short working 
periods or high peak loads of short duration are required, or where it is 
possible, by forcing the boiler by means of mechanical draft to reduce 
either the tirst cost of the plant, or the consumption of coal for starting 
the boiler or keeping the auxiliary boilers under steam Mechanical 
draft in itself does not improve the conditions of firing or efficiency of 
the boiler plant, and acts favorably on the combustion and output of 
smoke and soot only where the smokestack is too stinall. Under certain 
conditions, however, the trouble may also be removed by a reconstruction 
of the furnace (increasing the free grate areas), or of the boiler flues 
(lowering the gas velocity, and providing plenty of room at the points 
where the gas stream changes its direction), or by raising the stack. 


It may therefore be expected that in the future as well as at present 
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natural draft will be the rule, and mechanical draft an exception. With 
the exception of movable plants (locomotives, locomobiles, ships) mechani 


cal draft is to be used where the conditions of operation are such that the 


load on the engines cannot be determined in advance, or where the 
stack draft has become insufficient through the expansion of the boilei 


plant or introduction of flue gas preheaters, blast heaters, dust collectors 


etc. It may also be used to advantage where there are large flunctuations 
of load, or where cheap coal is burned, offering a large resistance o1 


the grate. It will also be used, of course, where for aesthetic or othe 


reasons n smokestack cannot be built. For steam plants working 








connection with, and as an auxiliary to, water power plants, mechanica 


draft is to be preferred to natural, on account of its being ever ready to 
work. The smokestack and blower do not therefore completely exclude 
one another. In most cases of stationary plants, however, the blower is 
not so much a substitute for, as an auxiliary to, the stack. 


GRID SMOKESTACK (DISSIPATOR SMOKESTACK) AND ITS INFLUEN‘ 


ON 
h 


rHE SMOKE NUISANCE (Gitterschornsteine Dissipatorschornsteine) und i) 
Kinfluss auf Rauchschdden. HW. Winkelmann Zeits. fiir Dampfkessel und 


VMaschinenbetrieb, vol. 36, no. 27. p. 449. September 12, 1913. 2 pp., 2 figs. d). 
The attempt to obviate the smoke nuisance by the use of exceptional 


high smokestacks failed, mainly because the upper layers of tl ~ 


‘ I t ( LLiLIOS 


phere proved to he less subject to eddies than the lower strata, and 


therefore did not produce as rapid mixing of the smokestack gases 
with the atmosphere as when a low smokestack was used An attempt 
was therefore made to produce the eddy action artificially ind the 
apparatus described below is the result. It was designed by Professor 


Wislicenus who has for a number of years been investigating the smoke 
problem. 
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The dissipator is the upper grid 


Se 0 0 i otherw ise ra 
ommercial type smokestack, and has for Ss ose he guses 
coming out from the stack so intimately with the air as lake hen 
harmless. ‘The grid openings (Fig. 7) are formed by stones la 


id radially 


and provided with horizontal and conic holes, with a_ tota ross-sectiol 
ive to six times that of the usual upper opening (the cross-section of 
ese grid passages is a function of the upper inner diameter of the 
stack ) The d enters on one side of the stack through these conic: 
penings ixes under powerful eddy motion with the smoke and gases 
the stack, and produces, already in the stack, a dilution of the latter 
to nearly one in four; after this the mass of smoke and gases strongly 


diluted with air is driven out, also violently eddying, through the conical 
rv side of the stack all along the dissipator. Thus 


vhile from an ordinary stack the smoke and gases come out in a compact 


m a single opening, in the dissipator smokestack they come 
7 number of fine wreaths, strongly diluted with air. They rapidly 
become s§ more closely mixed with it, to nearly one part in ten, the 
dilution of the gases growing with the distance from the stack. 

When the dissipator smokestack is used, only a haze, but no smoke 


ro cin be noticed around the top of the stack With respect to 


draft, the solid closed portion of the stack must be high enough to take 
ire OF 17 I while l grid sectiol \ contribute to its improvement 
Ihe e dissipator stack is somewhat greater than that of ar 
rdinary ti Ol ccount of the price of the special brick used for the 
erid In the design the main question is to have 1 


he grid pass 


i FouNpry ArpeLr (La fonderie de tuyaur Ardelt Revue industri 


vol. 44, no. 2102/87, p. 505, September 13, 19138 i pp., 12 figs. d) 
( ed description of the foundries for manufacturing cast-iron pipe, 


elonging te the Anderten Company in Germanys and another to 


the General Conduit Company. in Liége Belgiu 


bo : INS (TION ASSOCIATIONS IN RUSSIA (Dir Dampfkessel-U ber 
achungsvereine in Russland, G. von Doepp. Zeits. des Vereines deutscher 
Inaeni eC, vol. 57 0. 35, p. 1389, August 30, 1913, 2 pp., 3 tables, dhs) 
Gives a history of the organization of boiler inspection associations in 
Russia The asso« tions are to a rge extent under government con 
trol, the engineers of the associations having the privileges of government 
servic nd the members receiving a 50 per cent rebate in the boiler tax 
the , son a sliding scale, 4.4 cents per sq. ft. of heating surface 


ip to 200 sq. ft., 3% cents per sq. if. trom 200 to 1000. and 1 


5 cents pet 


sq. ft. for all upward of 1000 sq. ft.; owing to the spread of interna 

bustion engines it is proposed, however, to modify the tax in such a 
include the latter also). 

rhe rticle gives some statistical data as to the boilers used in the 

untrs By age, 34.76 per cent of the boilers belong to the period 1S1 


1900, and 35.36 per cent have beeen installed after 1900: over 10° pet 


ent are older than 1890, some boilers being older than 1870 The distri 
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bution, in per cent, by fuel used is as follows: 3.1 anthracite, 12 wood 


and wood refuse, 13.8 oil residues, 2 peat, 3.5 gas, 2 mixture of fuel. Of 


the total of 17,2S7 boilers registered in the country, there were 1259 
battery and single-cylinder boilers, 6992 flue boilers, 1342 multitubular 
boilers, ete. No data 


are given as to the number of boilers made in the country 


boilers, 1892 locomotive boilers, 290S water-tube 


und imported, 
but the number of the latter can hardly be large. 








NECROLOGY 


EDWIN 8S. CRAMP 


Edwin S. Cramp, until recently vice-president and general 
manager of the William Cramp & Sons Shipbuilding Company 
of Philadelphia, Pa., was born in Philadelphia, March 1858. He 
was the son of Charles H. Cramp and the grandson of William 
Cramp, founder of the great shipyard that has been known as 
“the cradle of the navy.” He obtained his education in the 
Philadelphia public schools, graduating from the Central High 
School in 1871. In the fall of that same vear he was apprenticed 
to the engineering department of the Cramp company and served 
his four years there, becoming an expert machinist. He then 
left the machine shop for the drafting department where he 
spent seven years, familiarizing himself with all details of naval 
designs. Following this he was placed in charge of the erecting 
department, erecting all marine engines used by the company, 
and was subsequently made superintendent of the plant. From 
this position he rose to general manager of the entire shipyard 
and in October 1901, on the death of Henry W. Cramp, he became 
vice-president of the company. 

He retired from business a few years ago and moved to New 
York, where death came on June 20, 1913, as the result of a 
surgical operation which he underwent about a year ago, leaving 
him in shattered health. He survived his father by only two 
weeks. His werk side by side with his father for 35 years was 
effective in making the Cramp company foremost in the produc- 
tion of our “new navy:” his technical and practical training was 
the cause of exceeding specifications in many trial trips of com 
pleted vessels which were run by himself personally and netted 
the company large sums as bonuses. Mr. Cramp was _ vice- 
president of the Society from 1896 to 1898 and was identified 
with the Pennsylvania Society, American Academy of Social 
Science, the Gecgraphical Society, Naval Architects and Marine 
Engineers, and the Engineers Club of Philadelphia. 
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FRANCIS VALENTINE TOLDERVY LEI 


Krancis V. T. Lee was born at Winchester, Hampshire 
Kngland, August 28, 1870, and attended the grammar school at 
Manchester, England, and the College Communal at Boulogne, 
s.m., France. He came to Sherbrooke, Canada, in 1887, and for 
the greater part of three years Was in the service of the Canadian 
Pacific Railway as se retary to the chief of construction, in 
charge of the forwarding of material. After resigning froi 
railroad work he spent a year in England and then returned to 
New York where he remained a year in the employ of the Man 
hattan Electric Light Company, as assistant under E. E. Stark. 
Here he came into contact with the late F. A. C. Perrine and 
formed the acquaintance that so strongly influenced his career. 

He left New York to take up the study of electrical engineer 
ing at Leland Stanford Junior University, in California, under 
Dr. Perrine, who was then professor of electrical engineering 
there. Tle worked his way by helping Dr. Perrine as secretary 


¢ 


and general laboratory assistant. Shortly al 


ter being craduated 
from the university in 1897, he was appointed assistant en 


gineel 


to John Martin, agent for the Pacific Coast department of the 
Stanley Electric Manufacturing Company. He rose rapidly in 
this service, being appointed engineer in January 1898, manage! 
of the office in June 1899 and a year later was made vice-president 
and general lhanager of John Martin & Company, electrical 
engineers and contractors, also district Pacific Coast manager 
for the Stanley Electric Manufacturing Company, and many 
other Eastern manufacturers. During this period there came un 
der his direct supervision the erection of many of the earlie: 
hohting and power plants that later were absor| ed by the Ba 
Counties Power Company and the Pacifie Electric Railway Com 
pany. Early in 1906 he severed his connection with John Martin 
& Company, but followed Mr. Martin’s interests into the Pacifi 
Gas & Electric Company, where he was made assistant to the 
president; as such he was generally responsible for the construc 
tion and operation of the hvdro-electric developments of that 
company. About three years ago he resigned 


go from the servic 
of the Pacific Gas & Electric Company to rest, and his last three 
vears were spent at his old home in England and in traveling on 
the Continent. He returned a few months ago to Victoria. B.C. 
where he had intended to make his 


future residence and died 
there August 17, 1913. He was a 


member of the American 
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Institute of Electrical Engineers, of the American Society of 
Civil Engineers, of the American Gas Institute, of the American 
Klectrochemical Society, and of the Institution of Electrical 
engineers in England. 


SAMUEL EDWARD MITCHELL 


Saniuel Edward Mitchell was a native of England, having 
been born at Halifax, in June 1875, and received his education 
at the Halifax Higher Grade School and at the Halifax Tech 
nical School. In 1892 he was apprenticed with Fred Hanson 
re Company, machine tool builders of Halifax, in the works on 
machines, and two years later went to the Campbell Gas Engine 
Company, also of Halifax, gas and oil engine builders. He re 

ined two years in the works here and then was promoted 
¢ room, Where he remained until 1902, having risen 


to assistant ¢1 


ief draftsman when he left. In August 1902 he 
became chief gas engine designer for Tangyes, Ltd., in Birming 
. and, and remained there until April 1905, when he 

ime head of the gas engine department of Ruston, Proctor 
& Company of Lincoln, England. After two years spent with 
th company, he came to America and became identified with 
the Jacobson Engine Company of Chester, Pa., where he re 


mained two years as superintendent, building engines up to 400 


h.p In 1909 he spent nearly a year as gas engine designer with 
thie Minneapolis Steel & Machinery Company, of Minneapolis, 
Ml nn... On their large double acting Vas engines. From July 


1910 until his death he was general superintendent of the Geo. 
. Pohl Manufacturing Company, of Vernon, N. Y., builders 
of gas and gasolene engines: he had just completed designs of 


a new line of Gas engines for this company and was engaged 


n some important developments in oil engines at the time of his 
death, August 19, 1913. 


rHURSTON MASON PHETTEPLACI 


Thurston Mason Phetteplace was born at Providence, R. I.. 
on May 3, 1877, and received his education there, in the English 
and Classical High Schools, and in Brown University, where he 
was graduated in 1901 in mechanical engineering. After leaving 
school he was employed at the Builders Iron Foundry and as 
instructor in drawing at Brown University, later becoming in 


structor in mechanical engineering there. In 1909, he received 








1708 NECROLOGY 


a degree of Master of Arts from Columbia University, and was 
appointed associate professor of 


mechanical engineering at 
Brown University. 


At the time of his death on September 7, 
1913, he was engaged, in addition to his professorship, in con 
sulting work in the firm of Kenerson, Brooks & Phetteplace, his 
specialty being automobile construction and gas engine design. 
Hic was president of the Providence Association of Mechanical 
Kngineers, and held membership in the Society for Promotion of 
Engineering Education. 
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With COMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. Lists of accessions to the 


of the A.I.E.E. and A.I.M.E. can be secured on request from Calvin W. Rice, Secretary, 
Am Soc.M.I 


\MERICAN INsTITUTE OF CoNSULTING ENGINEERS. Status and professional 
relations of the engineer. New York, 1912. Gift of institute 

(AMERICAN INSTITUTE OF Metats. Trans., vol. 6. Buffalo, 1913. Gift of in- 
STitute 

ASSOCIATION OF RAILWAY TELEGRAPH SUPERINTENDENTS. Proc. annual meet- 
ing, St. Louis, Mo., 1913. Milwaukee, 1913. Gift of association 

BAUTECHNISCHE GESTEINSUNTERSUCHUNGEN, J. Hirschwald. Vol. 2, pts. 1-2; 
vol >, pt l Berlin, 1912. 

Brazit. MINISTERIO DA Vracao © Opras Pusuicas. Boletin Terceiro Anno 
Ni 7, tomo \ | Rio de Janeiro, 1912 Gift of Brazil Ministe rio da \ 1acao 
e Obras Publicas 

Kast ORANGE (N. J.) BoaRD oF WaTeR Commissioners. Fourth annual report, 
1912. East Orange, 1912. Gift of board 

Dit ENtsTeEHUNG DES DieseLmotors, Rudolf Diesel. Berlin, J. Springer, 1913 
Gift of author 

A presentation copy “To The American Society of Mechanical Engineers, in remembrance of 
the kind reception given me in New York in 1912, and of your trip to Germany and especially to 
Munich in 1913.” It gives the results of tests of the engine which the author invented. It is 


1 
| 


especially interesting to note the experiments with coal dust fue 


Les Foyrers pe Cuaupibres, Andre Turin. Paris, 1913 

Din GESETZE DES WASSER-UND LUFTWIDERSTANDES UND IHRE ANWENDING IN 
DER FLUGTECHNIK, Oscar Martienssen. Berlin, 1913 

HANDBOOK FOR HEATING AND VENTILATING ENGINEERS, J. D. Hoffman assisted 
by B i Raber New York, VUcGra -Hill Book C'o., 1915 

HANDBUCH FUR EISENBETONBAL Ed. 2, vol. 12. Berlin, 1913 

HypRAULIC TURBINES WITH A CHAPTER ON CENTRIFUGAL Pumps, R. L. Daugh- 
erty Neu York, McGraw-Hill Book Co., 1918 


he enormous recent growth of hydro-electric projects has given emphasis to the design and 


construction of water wheels, There are chapters on the selection of a turbine, and on installation 


costs and power costs. 
MECHANICS AND HEAT, AN ELEMENTARY COURSE OF APPLIED PHysiIcs, J. Duncan 
London, Macmillan & Co., 1913 
An elementary textbook for students who are to take English civil service examinations 
Les Moreurs THERMIQUES DANS LEURS RAPPORTS AVEC LA THERMODYNAMIQUE, 
F. Moritz. Paris, 1913. 
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New Jersey Boarp or Pusiic Uritiry Commissioners. Second annual report 
1912. Union Hill, 1918. Gift of board. 

Abstracts of Reports, 1912. Trenton, 1912. Gift of board 

New ORLEANS. SEWERAGE AND WaTER Boarp. Twenty-sixth semi-annual 
report. New Orleans, 1912. Gift of board. 

PITTSBURGH. DEPARTMENT OF PusLic Works. Annual Report Bureau of 
Water 1912. 1912. Gift of Bureau of Water. 

POLYTECHNIC ENGINEER. Vol. 13, 1913. Brooklyn, 1913. Gift of Polytechnic 
Institute of Brooklyn. 

PRINCIPLES OF INDUSTRIAL ORGANIZATION, D. 8S. Kimball. New York, McGraw- 
Hill Book Co.. 1918. 

The work treats of the whole field of organization of factories, covering planning, cost keeping, 
depreciation, wages, purchase of materials and location of plant. A distinct contribution to the 
literature of management. 

Raitway Liprary 1912, compiled and edited by Slason Thompson. Chicago, 
1913. Gift of Slason Thompson. 

Socr&TE SUISSE DES INGENIEURS ET ARCHITECTES. Compte Rendu du Comité 
Central pour la période fin Juillet 1911 A fin Juillet 1913. Zurich, 1913 
Gift of society 

SOCIETY FOR THE PROMOTION OF ENGINEERING EpucaTion. Proc. 20th annual 
meeting. Vol. 20, pt. 2. Jthaca, 1913. Gift of society 

SoME TENDENCIES AND PROBLEMS OF THE PRESENT DAY AND THE RELATION 01 
THE ENGINEER THERETO, G. F. Swain. (American Society of Civil Engi 
neers, Annual Convention, June 18, 1913). Gift of author. 

STEAM. ITs GENERATION AND Usp. ed. 35. New York, 1913. Gift of Babcock 
& Wilcox Co 

TECHNISCHE UNTERSUCHUNGSMETHODEN ZUR BETRIEBSKONTROLLE, Julius 
Brand. ed. 3. Berlin, 19193. 

TecHNiIcAL Gas AND Furr Anatysis, Alfred H. White. New York, McGraw- 
Hill Book Co.. 1913 

The author has based his work on the various committee and official reports. The increased 
demand for economy in the use of fuel has necessitated increased accuracy in testing fuels and 
the products of combustion. 

Work or Epwarp A. MosELEY IN THE SERVICE OF HuMANITY, James Morgan. 
New York, Macmillan Co., 1918 

Mr. Moseley was for 20 years secretary of the Interstate Commerce Commission, and was a 


pioneer in advocating the introduction of safety appliances on railroads. 
Girt or Wm. Paut GERHARD 


EssELBORN, Karu. Lehrbuch des Tiefbaues. Leipzig, 1904 
Kurz, Aveust. Taschenbuch der Festigkeitslehre. Berlin, 1877 
Licgowski, W. Taschenbuch der Mathematik. ed. 2. Berlin, 1873 
Taschenbuch der Mechanik (Phoronomie, Statik und Dynamik Berlin, 
1868. 
NEUMANN, Pau. Luftschiffe. Bielefeld-Leipzig 


Girt oF 3p INTERNATIONAL CONGRESS OF REFRIGERATION 


DEUTSCHER KALTE-VEREIN. Bilder aus der Deutschen Kalten-industrie 
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Tue FricaTor System, J. Gust. Richert. Translated article from Revue général 
du Froid. Stockholm, 1918. 

AN INVESTIGATION OF THE SECOND Law or THERMODYNaMics, J. T. Wain- 
wright Chicago, 1913. 

New THermopynamics, J. T. Wainwright. Chicago, 1913 

NOTES ON THE WORK OF THE SECTION FOR Puysics, CHEMISTRY AND THER- 
MOMETRY OF THE First INTERNATIONAL COMMISSION OF THE ASSOCIATION 
INTERNATIONALE DU Froip, H. K. Onnes. Leiden (Holland), 1913 


UNITED ENGINEERING SOCIETY 


DINNER GIVEN TO Cass GILBERT, ARcuHITEcT, April 24, 1913, F. W. Woolworth 
New York, 1913. Gift of author 
DuTIES OF THE BuREAU YARDS AND Docks (reprint from Confidential Bulletin 
no. 13, Public Works of the Navy), June 1913. Washington, 1913. Gift of 
Alfred Noble 
Fire Tests or FLoors tN THE UNITED States, 1. H. Woolson International 
Association for Testing Materials, 6th Congress, New York Vew York, 
1912. Gift of author 
Om HASTSKOSOMMET OCH DESS TILLVERKNING SAMT NAGRA DraG UR HOoFBEs- 
LAGETS Historia, K. J. Sunstr6ém. /9//. Gift of F. B. Gilbreth 
Ihe author desires very much to have samples of every kind of horseshoe nail that there is, in 
order that his next book on this subject may include American as well as European. K. J. Sun- 
strém, Orebro, Sweden. 
INTERNATIONALEN KALTEKONGRESS DRITTEN FESTSCHRIFT, Washington 
Chicago, September 15-24, 1913. Berlin, 1913. Gift of congress 
NATIONAL Pavina Brick MANUFACTURERS’ AssociATION. Forms for special 
assessments, Illinois. 1913 
Work Scenes. Vitrified Brick Roadway. Gift of association 
Oxn10o. Pusiic Service Commission. Report, 1912. Springfield, 1913 
\ compilation of the laws of Ohio affecting the Regulation of Railroads 
ind Public Utilities, 1913. Columbus, 1913 
An act to create the public utilities commission of Ohio to prescribe its 
organization, etc. 1913. Gift of commission 
SOCIETY FOR THE PROMOTION OF ENGINEERING Epvucation. Proc. 20th annual 
meeting. Vol. 20, pt. 2 Ithaca, N. Y., H. H. Norris, 1913. Gift of society 
An especially interesting series of papers on engineering laboratories. Professor Magruder of 
Ohio State University made a visit to about twenty-five American mechanical laboratories, and 
summarizes his discoveries 
Tuirty YEARS OF New York, 1882-1912, being a history of electrical develop- 
ment in Manhattan and the Bronx. New York, Press of New York Ediso» 
Company, 1913. Gift of New York Edison Company. 
This is an extremely interesting volume, giving not only a history of the company, showing its 
marvellous growth, but containing much matter relating to old-time New York, the New York 
of the horse car, the gas-light, and the elevatorless building; a city without electric cars or tele- 


phone. The work is profusely illustrated, having many reproductions of sketches by Joseph 
Pennell, Vernon Howe Bailey and others 


EXCHANGES 


AMERICAN Soctety OF REFRIGERATING ENGINEERS. Trans. vol. 7. New York, 
1911 
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BROOKLYN ENGINEERS CLuB. Proc. 1912. Brooklyn, 1912. 
EcoLE p’APPLICATION DU GENIE MARITIME. Cours de Construction du Navire 
Vol. 3. 1910-1912. 


TRADE CATALOGUES 


AsBESTOS ProtecTtTeD Meta. Co., Beaver Falls, N. Y. Bull. 53, asbestos for 
roofs and walls 

BeseLer, Cuas. Co., New York. The stereomotorgraph model C 

UnpER-FEED SToKER Co. or America, Chicago, Ill. Publicity magazine, August 
1913. 

WAGNER ELectric MANUFACTURING Co., St. Louis, Mo. Bull. no. 101, single- 
phase motors, September 1913; no. 102, poly-phase motors, October 1913 











EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to be the medium 
of securing positions for its members rhe Secretary gives this his personal atten 
tion and is pleased to receive requests both for positions and for men. Notices are 
not repeated except upon special request Names and records, howover, are kept on 


the office list three months, and if desired must be renewed at the end of such period 


Copy for the Bulletin must be in hand before the 12th of the month The pub- 
lished list of “‘men available” is made up from members of the Society Further 
information will be sent upon applicatior 


POSITIONS AVAILABLE 


925 General manufacturing man thoroughly experienced in gas engine 
work and the handling of men. An excellent opportunity. State age, 
compensation desired, full experience and reference. Apply through the 
Society 

926 Machine and tool expert, thoroughly experienced and capable of 
taking 


harge of planning and rate setting department in a large gas 
engine shop; must have good habits and self control. State age, compensa 
tion, full experience and references. Apply through the Society 

928 Competent man with mechanical designing ability, to act as chief 
engineer and general superintendent of plant manufacturing large and 
heavy machinery. Location, Michigan. 

930 Railroad engineer, experienced in selling goods, acquainted with 
railroad ofticials, preferably not over 35 years of age. 
1001 Works engineer, preferably man with technical education, familiar 


with overhead cranes, open-hearth furnaces, tracks and a 


1 machinery and 
buildings required in a steel foundry, to have charge of plant engineering 
department and construction work outside of that handled by the master 
mechanic. Excellent opportunities for a man who can satisfactorily fill 
this position. Salary not to exceed $175 per month. Location, Tlinois. 
Apply through the Society. 

1003. Mechanical engineer with experience in production engineering 
or in the Taylor system of scientific management, or one having a liking 
for this kind of work; Cleveland concern. 

1004. Two vacancies in section of wood preservation Forest Products 
Laboratory. Men wanted with ideas and originality; large experience is 
not essential; must be graduates of technical institutions. Examination 
will probably he held within the next three to six months and will have 
to be passed by those securing the positions. Howard F. Wein, United 
States Department of Agriculture, Forest Service, Forest Products Labora 
tory, Madison, Wis. 

1005 Thoroughly practical, hustling shop foreman, experienced in engine 
and pump work; a thorough mechanic, able to produce the maximum out- 
put of highest quality at lowest cost, and familiar with best and latest 

1713 








1714 EMPLOYMENT BULLETIN 


up-to-date practice. State age, experience, references, and compensation 
expected. Apply through the Society. Location, Massachusetts. 

1006 Assistant shop manager, good judge of workmen, accustomed 
careful and accurate manufacturing; $1500 a year. Location, Pennsy! 
vania. 

1007 Man educated in one of the first-class technical schools, preferably 
with degree of mechanical engineering and who has done practical work 
with marked success in machine designing; good administrator, of large 
vision and proven ability whose record is convincing beyond any question ; 
man who commands respect with people in a business way and who 
can win the enthusiasm of those working under him; technical knowledg« 
as an engineer should be both deep and broad in all things having to do 
with the origin and development of machinery. Apply through the Societ 
in written application to No. 1007. 


1008 Efficiency engineer, for a time under instruction, in plant of 
700 workers. Positicn permanent and good opening for a bright young 


man of three or four years experience in practical work and with 
desire and the training that will make success in this wor Salary $150 
per month. 

1011 A young man with technical training, who has had two or thre 
years experience in the construction or operation of gas plants or gas plant 
machinery, wanted by a manufacturing firm in Midddle West for installa 


tion work in this country on a new high-grade apparatus used in the gas 

industry. Good opportunity for the right man. Apply through the Society 
1012. Plant manager with executive ability and tact, to be joint I 

sponsible with superintendent, for physical equipment and high grad 


efficiency of two plants in New York State Prefer man at beginning 
of career rather than with established position at advanced salary Apply 
through Society. 

1013. Gas engineer familiar with electrical work, would prefer a young 
man member of the Society, with a few years practical experience. 

1014 Assistant superintendent with qualification to develop into Super 
intendent. Experienced on moderately heavy work, as machine tool build 


ing, with good knowledge and experience in tools, jigs, and fixtures, heat 


treatment for tool steel and cutting feeds and speeds for working bot! 
cast-iron and cast stecl. Some knowledge of electrical work beneficial but 
not necessary, must be capable of adjustment to piece-work shop. Apply 


through Society. Location New Jersey. 
1021 Efficiency engineer familiar with technology of steel industr 
Must be competent to carry entire proposition. Apply through Society 


MEN AVAILABLE 


300 Member, age 36, ten vears designing and building steam. electri 
and gasolene hoists for contractors. railroad and mine wor! Good 
manager and systematizer, accustomed to handling men: wants similar 
position requiring executive ability preferably in the West At present 


employed. Can furnish first-class references 
301 Member, technical graduate, 31 years of age, desires to locate with 


company of consulting engineers or corporation as works manager, me 
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chanical superintendent and efliciency expert, wide experience in central 


station work, designing, purchasing equipment, superintending installa 
tions, construction and operating departments ccustomed to consulting 


work in the investigation of power production in relation to isolated 
plants for large corporations. \lso experienced in mill and reinforced 
concrete construction work. 

302 Member, age 36. at present employed, desires change. kexperienced 
in the design of engines and boilers, steam power plants, structural stee 
ind general engineering; has executive ability Position must offer fair 
salary to start and advancement 


308 Member. nave 33. technica rraduate now employed, desires change 


} 


Ten years experience in mill engineering and central station work col 
sisting of designing, specifications, buying equipment, supervision of instal 
ition, management of operation and maintenance, Accustomed to hand 
ing high-grade men. Would like position as plant engineer or with co 
sulting engineers Excellent references 


304 Memils r 37 vears ol ace, 17 yeurs practical manufacturing ex 


perience aS workman, draftsmal forel nb and superintendent with cor 
cerns munufacturing steam appliances, automatic machinery, sheet meta 


brass rod and wire goods. Short experience in Great Britain supervising 


manufacture of machinery Considerable experience in factory organiz 
tion work Desires position as factory executive 

305 Sales manager has handled successfully well-know1 rccount 
practical, systematic, good correspondent and estimator Will accept 


responsibility necessary for the entire management of the office, or wil 
handle the account for New York and the East sroad acquaintance it 
the engineering, contracting and manufacturing field. Competent to 


establish foreign products in the United States 


306 Junior member, age 32, desires immediate connection. Twelve 
vears experience, five years gas engine drafting, detailing, designing, 
checking; three years special machinery, designing, overseeing; two years 


refrigerating machinery; one year costs, Systematizer, time-study; shop 
foreman, assistant snaster mechanic Prefers New York district: alert 
capable, efficient, quiet Salary S1S00 

307 Graduate mechanical engineer, Junior member, two years teaching 
mechanical engineering subjects. two years designing and drafting on 
mechanical and structural work Ai present instructor in machine design 
Desires position as chief engineer or works engineer for shop in Middle 


West 


308 Member, age 42, desires position as assistant manager or genera 
superintendent: practical mechanic, 28 years experience in office, stores 


and shop in the manufacture of internal-combustion engines, stationary 
and tractor, marine engines, steam and power pumps, mining machinery 
steam and locomotive work, electric motors, transformers and starting 
devices. Design and erection shop and foundry buildings, steam, electri: 
pneumatic and hydraulic power plants. Competent to assume full charge 

309 Sales engineer desires position where a knowledge of machinery 
and mill supply trade in United States and Canada is essential: seven 
vears varied engineering experience, nine vears in selling end. Experience 


in correspondence and design of selling contracts. 
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310 Graduate M. E., age 27, married; three years experience with large 
construction firm, three years experience in mechanical and engineering 
departments of large industrial plant. Desires to locate in East. At 
present employed. 

311 Technical graduate desires position requiring engineering, execu 
tive or confidential ability, or to become associated with a firm of con 
sulting purchasing or inspecting engineers; practical manufacturing 
experience in iron and steel castings and machinery; can thoroughly) 
satisfy anyone looking for a man of exceptional experience and ability. 

312 Factory manager, member, technical graduate, thoroughly familiar 
with both the Taylor and Emerson systems of scientific management, 
possessing considerable executive ability, initiative, self reliance and tact 
in the handling of men, desires position where increased production at a 
decreased cost is the prime object. Best references; at present employed. 

313 Junior, age 25, graduate mechanical engineer, five years experience 
in design and manufacture of marine and stationary gasolene and oil 
engines. At present employed; will consider any proposition having 
opportunity for advancement. 

314 Member; now employed, with 17 years experience in design and 
construction of machinery and buildings, manufacturing, systematizing 
and accounting, graduate Massachusetts Institute of Technology in mechan 
ical engineering, post graduate course in electrical engineering, desires 
permanent position in New York City, salary to start $4000. 

315 Member desires position «as works manager, superintendent o1 
mechanical engineer; competent to organize all departments of manufac 
turing plant along modern lines, long experience, best reference. 

316 Executive engineer, SSO0O diplomatic progressive business man. 
Education technical and legal; wide experience in designing and operating 
large metallurgical, chemical and manufacturing plants, consulting and 
purchasing, unsurpassed references. 

317 Student member desires part time work, New York or New Jersey. 

318 Graduate mechanical engineer, four years experience in wooden 
ware and wood-working business, desires position as superintendent large 
manufacturing concern or production engineer where exprience in hand 
ling labor and designing special machinery is required. At present em 
ployed, married, salary $200. Location, Middle West preferred. 

319 Junior member, age 28, technical graduate, aggressive and energetic 
has tact and proven business ability. experienced in shop, design and 
efficiency engineering, desires position connected with efficiency and scien 
tific management work. 

320 Member, age 35, technical training, wishes to become engineering 
assistant to executive of strong, growing concern, with view to taking 
independent responsibility ; 12 years commercial experience in responsible 
engineering capacities; three years in charge engineering work at leading 
technical school. Character of work and opportunities for advancement 
more important than immediate compensation. 

32 Member, technical graduate, age 42; over 20 years experience in 
manufacture of gas engines, steam, electric, and gasolene locomotives: 
wide experience in pattern, foundry, boiler and sheet-iron work. Familiar 
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with modern shop equipment, methods and management, piece work, premi 
um plans, efficiency methods, inspection systems, etc. 

322 Junior member, age 30, experienced in design, construction and 
superintendence of high and low-tension substations, transmission lines, 
ete., desires connection with large contracting firm or manufacturing 
plant requiring services of graduate mechanical and electrical engineer 
Best references, moderate salary. 

323 Junior member, age 27, technical graduate; employed by firm 
doing miscellaneous plate business; experienced in detailing and esti 
mating, desires position in estimating department of company doing 
similar work or with contracting company. 

32 Middle-aged man with technical education; experienced in manu 
facturing problems, design, construction of special machinery and tools 
for more efficient production. Could offer line of punching and stamping 
presses with distinctive features. 

325 Member, 15 years engineering experience, desires position as 
purchasing agent; 6 years experience specifying, buying and inspecting. 
Present salary $2400. 

326 Member, master’s degree from Cornell, desires position as electrical, 
mechanical or efficiency engineer, purchasing agent or manager of an in 
dustrial plant. Has had 20 years experience. designing, constructing, 
operating and managing. Can give best of references, 

327 Junior member, age 25, graduate mechanical engineer, 1911, broad 
experience as factory inspector; desires position with chance for ad 
vancement. At present employed 

328 Member since 1889, 47 years of age. experience at bench and as 
superintendent in shops making special tools and interchangeable ma 
chinery; designing engineer in large chemical works; engineer of con 
struction and of tests in central heating plant; university professor in 
mathematics and mechanical engineering; director of technical schools. 

329 Member, 85 years of age, graduate of Cornell University; wide 
experience in design, construction and operation of power plants and 
other machinery; design and superintendence of mill-building construction ; 
desires position with large corporation as supervising engineer to take 
complete charge of all power operation, repairs and new construction work. 
At present employed and will consider only high-grade position. 








MEETINGS 


NEW YORK MEETING, OCTOBER 14 


Unusual interest was aroused at the first meeting in New York, through 


the introduction of the subject of Aviation as the topic for tl 
The paper was by A. A. Merrill, lecturer on Aeronautics at 

chusetts Institute of Technology. Mr. Merrill discussed the sub 
bility, and by the aid of the blackboard made a clear presenta 


ie evening 
the Massa 
ject of sta 
tion of the 


elementary principles upon which stability is based. The present types of 


aeroplanes are decidedly unstable and the speaker contended th 
ject is an engineering one which should receive greater attentio1 
of trained engineers, and that more sulstantial progress would 
if laboratory methods were introduced in this country, such as 
so successful in the development of flying machines in France 


The general discussion, for the most part, took the for! 


asked by the audience and answered by the speaker of the 


the sub 


1 on tl e part 


Later, however, those in attendance were entertained by E. A. Sperry, and 


his son, L. B. Sperry, who showed lantern slides and gave a 1! 
esting account of the practical work which they have a 
through the use of a gyroscope in connection with Curtiss 
Mr. E. A. Sperry held that it was not desirable to attain the 
stability advocated by Mr. Merrill. He instanced the case 
ocean liners with a metacentric height of only fifteen incl 
devoid of inherent stability. Such a construction leads t 
over the rough seas, and in like manner an areoplane withou 


stability will ride more smoothly than one which through 


complished 
machines 


degree of 


t inherent 


gf constant 


change of base of the machine tosses with every change in air current 


in order to maintain its stability. Mr. Sperry has worked along the 


of using the gyroscope which gives a constant base line in conn¢ 

a machine which lacks the stability advocated by Mr. Merri 
There was a written discussion by W. Wallace Core d 

Mr. Merrill said that he believed an apparatus such as Mr. 8S} 

would be safer and the plan would be better if the gyroscope ws 


1) 


lines 


ction wit! 


erry used 


T*é ipp! edd 
to a stable machine than to those of the present ty)» 
WORCESTER MEETING, OCTOBER 17 
In accordance with the new plan of the Boston committee, the first 
the group meetings in the vicinity of that city was held in Worceste 
October 17, with a total attendance of 222. <A local committes sist 
of Wm. W. Bird, chairman, C. A. Read, C. M. Allen, V. EF. Edwards 


S. R. Rilev. coédperated with the Boston committee in the very 
arrangements, 
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Over 100 of the Boston membership were in attendance, and the large 
party going by the noon train from Boston was met upon arrival with 
automobiles and conducted to the electrical building of the Worceste1 
Polytechnic Institute, where luncheon was served. The party was then 
organized into ten different groups for the purpose of visiting the different 
industrial plants of Worcester. These trips included the Worcester Elec 
tric Light Company, Webster Street plant, the Reed and Prince Manufac 
turing Company, the American Steel and Wire Company, Quinsigamond 
works, Graton and Knight Manufacturing Company, the Crompton and 
Knowles Loom Works, the United States Envelope Company, Logan, Swift 
nd Brigham plant, the Osgood Bradley Car Company, the Worcester 
Pressed Steel Company, the Heald Machine Company and the Norton Com 

inv Works. 

rhose who did not desire to participate in these trips were invited to 

tend a lecture at the institute on Aeroplane Proy. rs Experiments, by 
Prof. David L. Gallup, which took up somewhat in detail the data obtained 
it the institute testing plant during the two years of its operation \ 
demonstration in the hydraulic laboratories followed the lecture, 

Che entire party reassembled at four o’clock at the works of the Norton 
Company. Where three short talks were given The first, by Aldus C 


Higgins, was confined to abrasives and was illustrated by lantern slides 


Artifici abrasives, iD iid of the electric furnace, are the on vy ones used 

the company, and Mr. Higgins traced their manufacture from raw ma 
terial to the crushed lumps, in which condition the abrasives re sent to 
the grinding wheel plant. At this point, the second speaker, Carl F 


Dietz, told how modern grinding wheels are made, showing the important 
operations ind following a wheel from department to department by 

eans f Inntern slides Mr. Dietz closed his talk with slides which 
showed the efficiency of the different abrasives on various materials and 
ilso how these efficiencies are determined. 

Charles H. Norton next spoke on the use of grinding wheels, emphasizing 
that the modern grinding machine is a manufacturing tool by means of 
vhich it is possible to produce work rapidly of great accuracy He had 
crinding samples on exhibition which showed that for low production cost 
the lathe must be used only as a roughing tool, leaving all the finishing to 
ie grinding machine. An inspection of the Norton works then followed. 
Dinner was served at seven o’clock in the New Bancroft Hotel, at which 
the senior Vice-President of the Society, Prof. Ira H. Hollis, presided, and 
two interesting addresses were made 

Mr. James Logan, a former mayor of Worcestet is the first speaker 
ind called attention to various points connected with the origin and 
growth of the several Worcester industries, pointing ont that practically 
ill of them had started from very modest beginnings and had grown by 
reason of the energy and conscientiousness of their proprietors He espe 
cially called attention to the fact that probably none of these men had 
dreamed of the present proportions of the enterprises with which they had 
heen connected, but had served the future by diligently and honestlr 

eeting the situation before them He also pointed out that the proper 
attitude for their successors was for them to consider themselves as the 
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trustees of the legacy which had been handed down to them, and that the 
prosperity of any city would be secure just in so far as such a spirit pre 
vailed among those who controlled its industries. 

The second speaker, Hon. Charles I>). Washburn of the Washburn and 
Moen Company and president of the board of trustees of the institute 
referred to the early steps in providing communications between Worces 
ter on the one hand and Boston and Providence on the other, and spoke 
of the fact that in the early days the location of industries was often 
determined by very trifling circumstances. Some of these, while amusing, 
gave illustrations of the earnestness of spirit ef the fathers of industry 
which, in a large measure, accounted for their ultimate success. 

The representative character of the attendance at the meeting was espe 
cially noticeable, there being in addition to Worcester and Boston mem 
bers, a large number from other parts of Massachusetts, as well as some 
from Rhode Island, New Hampshire and Vermont. Besides Vice-Presi 
dents Ira M. Hollis and I. E. Moultrop, and Calvin W. Rice, Secretary of 
the Society, several former officers were present 


STUDENT BRANCHES 
ARMOUR INSTITUTE OF TECHNOLOGY 
The annual smoker of the Armour Student Branch was 


ber 24, the speakers of the evening being Professors Gebhardt and Pa 


Their subject was the Value of Membership in an Engineering Societ) 

On October 16 a paper on the Power Plant of Marshall Field & ¢ 
pany was read by Chas. W. Naylor, Mem.Am.Soc.M.FE. The subject was 
treated in a nontechnical manner, the elevator system, plumbing and re 
frigeration being especially discussed. 

LEHIGH UNIVERSITY 
At a meeting of the Lehigh University Mechanical Engineering Society 


held October 14, Professors Larkin and Butterfield, Mem.Am.Soc.M.F.., 
were elected faculty advisors of the club. The following subjects were dis 


cussed: Refrigeration under Difficulties, R. Rankyn Galloway; Chimneys 
and Chimney Construction, Russel M. Neff; Dynamometers, Professor 
Larkin. Professor De Schweinitz and Messrs. Nachman, Nordenholt, Neff 
Wright and Gift discussed the papers. 


PENNSYLVANIA STATE COLLEGI 


On September 26 the Pennsylvania Student Branch held its first meet 
ing of the year in the club room of the Engineering Building. There was a 
large attendance of students and the work for the year was outlined by 
H. L. Swift, chairman of the section. In future most of the meetings are 
to be addressed by student members, after which there will be a general] 


discussion of the subject presented. Professors Moyer, Diemer, Wood and 
Mease, all members of the Society, g: 


ve short addresses at the meeting 
POLYTECHNIC INSTITUTE OF BROOKLYN 
Prof. William D. Ennis, Mem.Am.Soc.M.E., was the speaker at the open 


ing meeting of the Polytechnic Institute Student Section, held October 4 


He reviewed the work of the mechanical engineering department for the 
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past year, noted improvements, and referred to the work of some of the 
more prominent graduates. He described also some of the problems con 
fronting the engineering world of to-day, in particular the utilization of 
the waste heat in engines of the internal-combustion type 
UNIVERSITY OF CALIFORNIA 

At the opening meeting of the vear held September 24, the University 
of California Student Branch elected the following officers to serve for 
the coming term: chairman, R. Guillon; vice-chairman, G. H. Briggs; se 
retary, P. HL. Landon; trensurer, W. N. Penniman. It was decided to hold 
iIneetings every two weeks at which two of the student members are to give 
short talks upon engineering subjects to be followed by a general discus 
sion by the members. The papers read at this opening session were: The 
Design of an Intake Manifold for a Gas Engine, J. C. Blair; The Automo 
Lile Self-Starter, R. Guillon 

Qn October S two papers were read as follows: Sugar in Honolulu, by 
Gi. A. Bush, with special emphasis on the machinery and mills used in this 
line of indusiry; Air Brakes, by W. E. Dean, with particular reference to 


their application to the railroads of to day. 


UNIVERSITY OF CINCINNATI 
The University of Cincinnati Student Branch was addressed on Septem 
her 50 by A. L. De Leeuw, Mem.Am.Soc.M.E. His subject was Some Re 
cent Ds¢ veiopments in Methods of Cutting Metals. and the lecture Wiis 
sreatiy increased in value by the use of unique lantern slides, and the ex 
hibition of tools of his own design. One lathe tool gave white u xidized 


chips when used on work having a periphery velocity of 475 ft. per min 
taking a 1/16 in. dry cut and feeding 1/12 in. 
UNIVERSITY OF MISSOURI 
At the October 13 meeting of the University of Missouri Student Branch 
Prof. J. R. Wharton reported on the Third International Refrigeration 


Congress held in Chicago st month. 


UNIVERSITY OF NEBRASKA 

The first meeting of the year of the University of Nebraska Student 
Branch was called to order on October 7, and was entirely given over to 
the matter of future plans for the society J. k. Brown was appointed 
chairman of a new members committee; J. D. Hoffman, Mem.Am.Soc.M.E 
outlined the great benefits to be derived from membership in the Society 
and urged all to take an active interest in its work; A. A. Luebs spoke of 
the value of the Transactions of the Society, and C, A. Hauptman seconded 
Professor Hoffman's remarks, asking all to help make the section a live 
one. It was announced that the meetings of December 17 and April 15 


would be held before the Engineering Society. 
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AMBROSE SWASEY 


on National 


Code of Ethics 


C. W. Baker, Chmn 
C. T. Main 

E. D. MEIER 
SPENCER MILLER 

C. R. RicHarps 


Nominating Committee 


J. R. Freeman, Chmn 
Cuas. T. Main 

Tos. Morrin 

FRED. SARGENT 

C. C. THomas 


Standardization of Catalogues 
Wa. Kent, Chmn. 
J. R. Brpprns 
M. L. Cooke 
W. B. Snow 








SPECIAL COMMITTEES—Continued 


Chairmen of Sub-Committees of Com- 
mittee on Increase of Membership 


Atlanta, P. A. DaLuis 


Increase of Membership 


I. E. Mouutrrop, Chmn. 





Boston, A. L. WILLISTON 
Buffalo, W. H. Carrier 


Chicago, Fay WooDMANSEE 


Cincinnati, J. T. Faia 
Michigan, H. W. ALDEN 


New York, J. A. Kinkeap 
Philadelphia, T. C. McBripe 


St. Louis, Joun HUNTER 
St. Paul, Max Toutz 


F. H. Cotvin 
H. V. O. Cogs 


J. V. V. CoLwELui 


R. M. Drxon 
W. R. Dunn 


J. P. Itstey 
E. B. Katre 


R. B. SHERIDAN 
H. StRUCKMANN 


San Francisco, THomMaAS MorRIN 


Seatile, R. M. Dyer 
Troy, A. E. CLuEetTtT 


SUB-COMMITTEES OF THE COMMITTEE ON MEETINGS 


Cement Manufacture 
J.G. Beraauist, Chmn. 
H. J. Seaman, V-Chmn. 
G. S. Brown 
W. R. Dunn 
F. W. Kewiey 
Morris Kinp 
F. H. Lewis 
W.H. Mason 
R. K. MEADE 
EJNAR POSSELT 
H. StRUCKMANN 
A. C. TaGGE 
P. H. WiLson 

Machine Shop Practice 
F. H. Cotvin, Chmn 
E. P. BuLLarp 
L. D. BURLINGAME 
W. L. CLarkK 
A. L. DELEEUW 
W.H. Drerenporr 
F. L. EBERHARDT 
F. A. ERRINGTON 
A. A. FULLER 
H. D. Gorpon 
H. K. HatHaway 
ik. J. KEARNEY 
Wm. LopGEe 
F. E. RoGcers 
N. E. Zvusi 

Textiles 
C. T. PLunxettr, Chmn. 
EK. W. Tuomas, Secy 
D. M. Bates 
JouNn Eccies 
E. D. FrRaNcE 
E. F. GREENE 
F. W. Hosss 
C. R. MAKEPEACE 
C. H. MANNING 
H. F. MANSFIELD 


Iron and Steel 


Jos. Moracan, Chmn. 
Tuos. Towne, Secy. 
W. P. BarBa 

F. F. Beau 
RoGers Birnie 

A. L. CoLBy 
JULIAN KENNEDY 
M. T. Lorurop 

W. E. SNYDER 

J.T. WALLIS 

R. M. Warr 


Depreciation and 
Obsolescence 
ALEeEx. C. HUMPHREYs, 
Chmn. 
J. G. BERGQUIST 
( A J Dav IDSON 
A. E. Forstauu 
F. W. Ke.iey 
H. StRuUCKMANN 


Air Machinery 


F. W. O’Nem, Chmn. 
H. V. Conrap 
WILLIAM PRELLWITZ 
R. H. Rice 


Administration 


J. M. DopasE, Chmn. 
L. P. Aurorp, Secy. 
D. M. Bates 

Joun CALDER 

H. A. Evans 

JAMES HARTNESS 
W. B. Tarpy 
ALEXANDER TAYLOR 
H. H. VAUGHAN 


1725 


Industrial Building 


F. A. WaLpron, Chmn. 
H. A. BoRNHAM 
CHARLES Day 
WiILuiAM DALTON 
J.O. DeEWoLr 

C. T. Main 


Railroads 
E. B. Katre, Chmn 
G. M. Basrorp 
W. G. BEesLeR 
A. H. ExLe 
T. N. Evy 
W. F. M. Goss 
A. L. HUMPHREYS 
W. F. Kreseu 
W. B. Porrer 
N. W. STorRER 
H. H. VaAuGHAN 
R. V. Wricut 


Fire Protection 


J. R. FREEMAN, Chmn. 
E. V. Frencu, V-Chmn. 
ALBERT BLAUVELT 

F. M. Griswo_p 

H. F. J. Porter 

T. W. Ransom 

l H. W OOLSON 


Hoisting and Conveying 


R. B. SHeripan, Chmn 
C. K. BALDWIN 

Auex. C. Brown 

O. G. DALE 

P. J. FicKINGER 

F. E. HuLerr 
SPENCER MILLER 

A. L. RoBERTs 

Harry SAWYER 





GEOGRAPHICAL SECTIONS OF THE SOCIETY 


Milwaukee 


FreEpD H. Dorner, Chmn 
M. A. Beck 

ARTHUR SIMON 

Henry WEICKEL 

E. P. WorpEN 


St. Louis 


E. L. Onue, Chmn. 
F. E. Bauscn, Secy 
F. N. JEwetr 
JoHN HUNTER 

L. C. NoRDMEYER 


Cincinnati 


San Francisco 


A. M. Hunt, Chmn. 
T. W. Ransom, Secy 
W. F. Duranp 

E. C. Jones 

TxHos. MorRIN 


Atlanta 


A. L. DeLegruw, Chmn. J.S. Coon, Chmn. 
J. T. Fara, Secy. 
W. G. FRANz 

G. W. GALBRAITH 
L. H. THULLEN 


Park A. Da.iis, Secy. 
GEORGE HILLYER, JR 
Ceci P. Poor 

EARL F 


SCOTT 


Chicago 


Pau. P. Brrp, Chmn 
C. W. Naytor, Secy 
C. R. Brrposey 

W. B. JaAcKSON 

A. W. MoseELEY 


LOCAL MEETINGS OF THE SOCIETY 


Boston 


Henry BartTLett, Chm? 


R. E. Curtis, Secy 
H. N. Dawes 

W. G. Snow 

A. L. WILLISTON 


Philadelphia 


D. R. YARNALL, Chmr 
W.L. Jones, Secy 

J. E. Grpson 

Lewis H. KENNEY 

T. C. McBripE 


OFFICERS OF THE 


Chairman 


New York 


F. A. WALpRON, Chmn 
EDWARD VAN WINKLE, Secy 
R. V. Wricat, Treas. 

H. R. Cosieicu 

J.J. SWAN 


New Haven 


E. 8S. CooLey, Chmn 

E. H. Lockwoopn, Secy. 
F. L. BiGgELow 

L. P. BRECKENRIDGE 
H. B. SarGent 


GAS POWER SECTION 


Secretary 








F. R. Hurron 


Gas Power Executive Com- 


Gas Power Literature Com- 
mittee 


mittee 
C. H. BENJAMIN (1 
W.H. Buavve tr (3 
W. D. Ennis (5) 

H. J. K. Freyn (1 W.S. Morrison 

F. R. Low (2) S. 1. OESTERREICHER 
I. E. Movuurrop (4 H. G. Wo.re 

H. H. Super (1) 


R. B. BLoeMEKE, Chmn 
A. W. H. GrrePre 
W. F. MonaGHAN 


Gas Power Committee on Meetings 
Wm. T. MaGruper, Chm? E. D. Dreyrus 


W.H. BLAvvELT A. H. GOLDINGHAM 


Geo. A. OrrRoK 


Gas Power Membership Com- 


mittee 


A. F. Stittman, Chmn. 
H. V. O. Cors 

J. H. LAWRENCE 

F. S. Kine 

J. H. Norris 

G. M.S. Tarr 


J. D. SHaw 


H. W. ANDERSON 
C. D. Smrrs 


Nissetr LATTA 
H. B. MacFarRLanp 


OFFICERS OF AFFILIATED SOCIETY 


Providence Association of Mechanical Engineers 


W.H. Patne, Vice-Pres A. 2a 


J. A. Brooks, Secy 
Note 
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WHATLEY, Treas. 


Numbers in parentheses indicate number of years the member has yet to serve 





OFFICERS OF THE STUDENT BRANCHES 


DATE 
INSTITUTION | AUTHORIZED HONORARY CHAIRMAN CORRESPONDING 
BY COUNCIL CHAIRMAN SECRETARY 
} 

_ —— |— 
Armour Inst. of Tech Mar. 9, 1909 | G. F. Gebhardt H. E. Erickson A. N. Koch 
Carnegie Inst. of Tecl Oct. 14, 1913 
Case School of Applied 

Science Feb. 14,1913) F. H. Vose H. C. Mummert | C. Stemm 
Columbia University Nov. 9, 1909 | Chas. E. Lucke F. B. Schmidt H. F. Allen 
Cornell University Dec. 4, 1908 | R. C. Carpenter | J. G. Miller Edw. Mendenhall 
Lehigh University June 2, 1911 | P.B. de Schweinitz|) W. C. Owen T. G. Shaffer 
Leland Stanford Jr. Univ. Mar. 9, 1909 | W. F. Durand C. T. Keefer K. J. Marshal! 
Mass. Inst. of Tech. Nov. 9, 1909 | E. F. Miller W. H. Treat L. L. Downing 
New York University Nov. 9, 1909 | C. E. Houghton 
Ohio State University Jan.10, 1911 | Wm. T. Magruder) R. H. Neilar R. M. Powell 
Penna. State College Nov. 9, 1909 | J. P. Jackson H. L. Swift H. L. Hughes 
Poly. Inst. of Brooklyn Mar. 9, 1909 ' W. D. Ennis F. D. Peltier A. Bielek 
Purdue University Mar. 9, 1909 G. A. Young A. D. Meals G. F. Lynde 
tensselaer Poly. Inst Dec. 9, 1910 A. M. Greene, Jr. E. Kneass R. F. Fox 
State Univ. of Iowa Apr.11,1913 R.S. Wilbur F. H. Guldner C. 8S. Thompsor 
State Univ. of Kentucky) Jan.10, 1911 | F. P. Anderson R. R. Taliaferr F. J. Forsyth 
Stevens Inst. of Tech Dec. 4, 1908 | Alex.C.Humphreys L. F. Bayer C. H. Colvin 
Syracuse University Dec. 3, 1911 | W. E. Ninde QO. W. Sanderson | R. A. Sherwood 
Univ. of Arkansas Apr.12, 1910, B. N. Wilson M. McGill C. Bethel 
Univ. of California Feb.13, 1912 | Joseph N. LeConte, R. Guillon P. H. Landon 
Univ. of Cincinnati Nov. 9, 1909 | J. T. Faig A. O. Hurxthal E. A. Oster 
Univ. of Illinois Nov. 9, 1909 | W. F. M. Goss A. H. Aagaard H. E. Austin 
Univ. of Kansas Mar. 9, 1909 | F. W. Sibley E. A. Van Houten) L. E. Knerr 
Univ. of Maine Feb. 8, 1910 | Arthur C. Jewett E. H. Bigelow O. H. Davis 
Univ. of Missouri Dec. 7, 1909 | H. Wade Hibbard R. Runge L. L. Leact 
Univ. of Minnesota Mayl12, 1913 J. J. Flather 
Univ. of Nebraska Dec. 7, 1909 | J. D. Hoffman A. A. Luebs G. W. Nigh 
Univ. of Wisconsin Nov. 9, 1909 | A. G. Christie W. K. Fitch J. W. Griswold 
Washington University Mar.10,1911 | E. L. Ohle D. Southerland A. Schleiffarth 
Yale University Oct.11, 1910 | L. P. Breckenridge C. E. Booth O. D. Covell 
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WHY YOU SHOULD ATTEND THE 
ANNUAL MEETING 


Membership in The American Society of Mechanical 
Engineers affords the privilege of engaging in the broad 
work of the advancement of the engineering profession, 
as well as the distinct advantage of the personal benefits 
accruing from such affiliation. The development of 
acquaintanceships at the meetings and the mutual inter- 
change of information are also of value. 

The 1913 Annual Meeting will be held December 2-5 
inclusive and its program embraces a variety of subjects 
of importance to the numerous industries of the country 
see page 4). 

Your attention is called to the excellent opportunity 
afforded by the Annual Meeting to extend the hospitality 
of the Society to your professional associates and ac- 
quaintances and incidentally secure their interest in 
applying for membership. 


Upon request invitations will be sent. 


CO) L'TTEE CREASE OF MEMBERS] 
oe Mout Pp. ( 
se ep. R. M. Drx BE. B. I 
H. ¢ W. R. Di R. B. Si 
V. CoLy P H. § 
2 \ Yi a ee 
j ‘ \\ P) r. C. Mcl 
] \ H. ¢ St. Lo Jor H 
( I \\ a. FF MM | 
Cine ). T. Fat San Fran l M 
( R. B. Suet s , R. M. Dyer 





